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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

Masayoshi TAKI, Seiji MIZUNO, Toshiaki OZAKI, 
Tatsuya KAWAHARA, Katsuhiko KINOSHITA, and 
YoshimasaNEGISHI 

Application No.: U.S. National Stage of PCT/JP99/03603 

Filed: December 27, 2000 Docket No.: 108236 

For: FUEL REFORMER DEVICE 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination and after entry of the annexes to the International 
Preliminary Examination Report, please amend the above-identified application as 
follows: 

IN THE CLAIMS : 

Please amend claim 22 as follows: 

Claim 22, lines 1 and 2, change "any one of claims 1 1 through 14, 18, 20, and 21" 
to —claim 1 1 --. 

Please add claims 27-32 as follows: 

—27. A fuel reformer device in accordance with claim 12, wherein the crude fuel 
is methanol, and 
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the catalyst for accelerating the steam reforming reaction and the oxidation 
reaction is a single copper-containing catalyst.-- 

—28. A fuel reformer device in accordance with claim 13 ? wherein the crude fuel 
is methanol, and 

the catalyst for accelerating the steam reforming reaction and the oxidation 
reaction is a single copper-containing catalyst.-- 

—29. A fuel reformer device in accordance with claim 14, wherein the crude fuel 
is methanol, and 

the catalyst for accelerating the steam reforming reaction and the oxidation 
reaction is a single copper-containing catalyst.— 

-30. A fuel reformer device in accordance with claim 1 8, wherein the crude fuel 
is methanol, and 

the catalyst for accelerating the steam reforming reaction and the oxidation 
reaction is a single copper-containing catalyst— 

—31. A fuel reformer device in accordance with claim 20, wherein the crude fuel 
is methanol, and 

the catalyst for accelerating the steam reforming reaction and the oxidation 
reaction is a single copper-containing catalyst. -- 

—32. A fuel reformer device in accordance with claim 21, wherein the crude fuel 
is methanol, and 

the catalyst for accelerating the steam reforming reaction and the oxidation 
reaction is a single copper-containing catalyst.— 
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REMARKS 

Claims 1-2, 1 1-14, 18, 20-24, and 27-31 are pending. By this Preliminary 
Amendment, claim 22 is amended and claims 27-32 are added to eliminate multiple 
dependencies. Prompt and favorable examination on the merits is respectfully solicited. 

Respectfully submitted, 



JAO:JSA/emb 

December 27, 2000 
OLJFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 




Ja#es A. Oliff 
Registration No. 27,075 

Joel S. Armstrong 
Registration No. 36,430 
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SPECIFICATION 

FUEL REFORMER DEVICE 

Technical Field 

5 The present invention relates to a fuel reformer device, and 

more specifically a fuel reformer device that produces a hydrogen rich 
gas from a hydrocarbon and steam. 

J=3 Background Art 

Ji: 10 The fuel reformer device that produces the hydrogen rich gas 

; ;~ from a hydrocarbon and steam is a known device used to supply a 
^ gaseous fuel to fuel cells. The fuel cells convert the chemical energy 
T.I of a fuel into electrical energy not via mechanical energy or thermal 
j;p energy but directly, and thus attain a high energy efficiency. In the 
Ml5 fuel cells, a gaseous fuel containing hydrogen is supplied to anodes 
thereof, whereas an oxidizing gas containing oxygen is supplied to 
cathodes thereof. The fuel cells generate an electromotive force 
through electrochemical reactions proceeding at both the electrodes. 
The following equations define the electrochemical reactions 
20 proceeding in the fuel cells. Equation (l) represents a reaction 
proceeding at the anodes, and Equation (2) represents a reaction 
proceeding at the cathodes. The reaction expressed by Equation (3) 
accordingly proceeds in the fuel cells as a whole. 
H 2 2H+ + 2e' (1) 
25 (l/2)0 2 + 2H + + 2e- H 2 0 (2) 
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H 2 + (l/2)0 2 -> H 2 0 (3) 

An oxidizing gas and a gaseous fuel containing carbon dioxide 
are usable in polymer electrolyte fuel cells, phosphate fuel cells, and 
molten carbonate electrolyte fuel cells among a diversity of fuel cells, 
5 because of the properties of their electrolytes. In such fuel cells, the 
air is generally used for the oxidizing gas, and a hydrogen rich gas 
produced by steam reforming a hydrocarbon like methanol or natural 
gas is used for the gaseous fueL A fuel cells system using such fuel 
cells has the fuel reformer device, in which the steam reforming 

10 reaction proceeds to produce the gaseous fuel. The following 
describes the reforming reaction proceeding inside the fuel reformer 
device. The description regards a case using methanol as the 
hydrocarbon subjected to the reforming reaction. The following 
equation represents a reaction of steam reforming methanol* 

15 CH3OH + H2O CO2 + 3H 2 - 49.5 (kJ/mol) (4) 

As shown by this Equation (4), the steam reforming reaction is 
endothermic. A supply of thermal energy is accordingly required for 
the progress of the reforming reaction. A known method for 
supplying thermal energy required for the reforming reaction 

20 externally applies heat by means of a burner or a heater installed in 
the fuel reformer device. Another known method causes an 
exothermic oxidation reaction to proceed in addition to the steam 
reforming reaction in the fuel reformer device and utilizes the heat 
generated by the oxidation reaction for the progress of the steam 

25 reforming reaction. Among these known methods, the method of 
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causing the oxidation reaction to proceed in parallel with the steam 
reforming reaction in the fuel reformer device is discussed below. 
CH3OH + (l/2)0 2 C0 2 + 2H 2 + 189.5 (kJ/mol) (5) 
Equation (5) represents an example of the oxidation reaction of 
5 methanol (partial oxidation reaction). In the structure that 
introduces a supply of oxygen into the fuel reformer device and causes 
the oxidation reaction of methanol to proceed in parallel with the 
steam reforming reaction expressed by Equation (4), the thermal 
CQ energy generated by the oxidation reaction is utilized for the steam 
rO 10 reforming reaction. Regulating the flow rate of oxygen supplied to 
^ the fuel reformer device enables the amount of heat required for the 
* y steam reforming reaction to balance the amount of heat generated by 
the oxidation reaction. Theoretically the quantity of heat generated 
:^ by the oxidation reaction may compensate for the quantity of heat 
1^15 required for the steam reforming reaction. Compared with the 
external heating method, this method of making the amount of heat 
generated by the oxidation reaction supply the amount of heat 
required for the steam reforming reaction has the less energy loss due 
to heat dissipation and attains the higher energy efficiency. 
20 Compared with the external heating method, this method simplifies 
the structure of the fuel reformer device and enables the size 
reduction of the whole fuel cells system. 

The method of supplying oxygen as well as methanol and steam 
to the fuel reformer device and utilizing the thermal energy generated 
25 by the oxidation reaction for the steam reforming reaction, however, 



has a drawback, that is, an uneven temperature distribution inside 
the fuel reformer device. Fig. 38 is a graph showing a temperature 
distribution inside the fuel reformer device that receives supplies of 
oxygen as well as methanol and steam and causes the oxidation 
reaction to proceed in parallel with the steam reforming reaction. 
When a supply of oxygen is introduced together with supplies of 
methanol and steam into the fuel reformer device, since the oxidation 
reaction has the higher reaction rate than the steam reforming 
reaction, the amount of heat generated by the oxidation reaction 
exceeds the amount of heat required for the steam reforming reaction 
on the upper stream side in the fuel reformer unit (that is, the side 
receiving a supply of the gas containing methanol, steam, and oxygen). 
As shown in the graph of Fig. 38, the internal temperature abruptly 
rises on the upper stream side to form a peak in the temperature 
distribution. After the consumption of oxygen by the oxidation 
reaction, only the steam reforming reaction proceeds. The internal 
temperature of the fuel reformer device thus continuously decreases 
towards the lower stream side (that is, the side outputting the 
hydrogen rich gas) after the peak in the temperature distribution. 

Formation of the peak in the temperature distribution or the 
excessive temperature rise inside the fuel reformer device results in 
some drawbacks, for example, deterioration of the catalyst and 
formation of by-products. One problem is deterioration of the 
catalyst. It is here assumed that a Cu-Zn catalyst is used for the 
catalyst of accelerating the steam reforming reaction and the 
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oxidation reaction of methanol. The use of the CvrZn catalyst at high 
temperatures over 300°C lowers the durability of the catalyst and may 
cause sintering. Sintering is the phenomenon that the catalyst 
carried on the surface of the carrier aggregates. The Cu-Zn catalyst 
5 is generally formed by dispersing copper fine particles on the surface 
of zinc particles. The occurrence of sintering causes the copper fine 
particles to aggregate and form giant particles. This phenomenon 
decreases the surface area of the copper particles and reduces the 
area of the catalytic activity, thereby lowering the performance of the 

10 fuel reformer device. 

Another problem due to the excessive rise of the catalytic 
temperature is formation of by-products. A side reaction other than 
the normal reforming reaction discussed above occurs in parallel with 
the reforming reaction at preset high temperatures to form methane, 

15 Gaseous nitrogen included in the supply of the pressurized gas 
undergoes a side reaction to produce nitrogen oxides. These 
by-produces are not decomposed in the temperature range of the 
reforming reaction in the fuel reformer device, but are supplied to the 
fuel cells as part of the gaseous fuel. An increase in quantity of the 

20 by-products like methane unfavorably lowers the hydrogen partial 
pressure of the gaseous fuel. 

The decrease in internal temperature on the lower stream side 
of the fuel reformer device disadvantageously lowers the activity of 
the steam reforming reaction. The lowered activity of the steam 

25 reforming reaction may cause the non-reformed gas, that is, methanol, 
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to remain and give a resulting gas having an insufficiently low 
concentration of hydrogen. In order to ensure the completion of the 
reforming reaction even under the condition of the low internal 
temperature on the lower stream side, a sufficiently large fuel 
5 reformer device is required. 

The object of the present invention is thus to solve such 
drawbacks and to keep the internal temperature of the fuel reformer 
device within a preset temperature range. 

rj 10 Disclosure of the Invention 

m The present invention is directed to a first fuel reformer device 

:s in which a steam reforming reaction, which is endothermic and 

l sA produces hydrogen from a hydrocarbon and steam, and an oxidation 
;P reaction, which is exothermic and oxidizes the hydrocarbon, proceed 
5 ! *15 and heat generated by the oxidation reaction is utilized for a progress 
of the steam reforming reaction. The first fuel reformer device 
includes- a catalytic section that includes a catalyst for accelerating 
the steam reforming reaction and the oxidation reaction; a crude fuel 
gas supply unit that flows a supply of a crude fuel gas containing the 
20 hydrocarbon, steam, and oxygen into the catalytic section; a gaseous 
fuel output unit that causes a hydrogen rich gaseous fuel, which is 
produced through the steam reforming reaction and the oxidation 
reaction proceeding in the catalytic section, to be output from the 
catalytic section; and a gas flow velocity regulation unit that 
25 regulates a flow velocity of the crude fuel gas to be higher in an area 
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on a side receiving the supply of the crude fuel gas than in an area on 
a side outputting the gaseous fuel in the catalytic section, so as to 
enable the heat generated by the oxidation reaction proceeding in the 
area on the side receiving the supply of the crude fuel gas to be 
5 sufficiently transmitted to the area on the side outputting the gaseous 
fuel. 

In the first fuel reformer device of the present invention thus 
constructed, the crude fuel gas containing the hydrocarbon, steam, 
^ and oxygen is supplied to the catalytic section including the catalyst 
^10 for accelerating the steam reforming reaction and the oxidation 
;U reaction. Both the steam reforming reaction, which is endothermic 
and produces hydrogen from the hydrocarbon and steam, and the 
;* S I oxidation reaction, which is exothermic and oxidizes the hydrocarbon, 
ffl proceed in the catalytic section. The heat generated by the oxidation 
ul5 reaction is utilized for the progress of the steam reforming reaction. 
The resulting hydrogen rich gaseous fuel is output from the catalytic 
section. In the catalytic section, the flow velocity of the crude fuel 
gas is regulated to be higher in the area on the side receiving the 
supply of the crude fuel gas than in the area on the side outputting 
20 the gaseous fuel. This enables the heat generated by the oxidation 
reaction occurring in the area on the side receiving the supply of the 
crude fuel gas to be sufficiently transmitted to the area on the side 
outputting the gaseous fuel. 

In the fuel reformer device of this configuration, the heat 
25 generated by the oxidation reaction occurring in the area on the side 
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receiving the supply of the crude fuel gas is sufficiently transmitted to 
the lower stream side. This effectively prevents an excessive 
temperature rise in the area on the side receiving the supply of the 
crude fuel gas. This arrangement thus prevents the potential 
problems due to the excessive temperature rise, that is, deterioration 
of the catalyst and formation of byproducts, and significantly 
improves the durability of the reformer unit. The heat generated by 
the oxidation reaction is sufficiently transmitted to the area on the 
side outputting the gaseous fuel. This arrangement ensures the 
sufficiently high activity of the steam reforming reaction on the lower 
stream side, thus enabling size reduction of the fuel reformer device. 

It is not necessary that the hydrocarbon, steam, and oxygen, 
which constitute the crude fuel gas, are mixed prior to the supply of 
the crude fuel gas. At least one component or part of the crude fuel 
gas may be supplied separately. The above effects are attained as 
long as the components of the crude fuel gas, which may not be mixed 
in advance, are all supplied from the upper stream side of the 
catalytic section on the flow of the gas. The catalyst for accelerating 
the steam reforming reaction may be identical with or different from 
the catalyst for accelerating the oxidation reaction. Namely a single 
catalyst may be used for accelerating both the steam reforming 
reaction and the oxidation reaction. Different catalysts may 
alternatively be used for respectively accelerating the steam 
reforming reaction and the oxidation reaction. In the latter case, it 
is desirable to sufficiently mix the different catalysts with each other 



in the reformer unit. 

In the first fuel reformer device of the present invention, it is 
preferable that the gas flow velocity regulation unit makes a total 
sectional area of a flow path, through which the crude fuel gas flows, 
smaller on the side receiving the supply of the crude fuel gas than on 
the side outputting the gaseous fuel in the catalytic section. This 
arrangement enables the flow velocity of the crude fuel gas to be 
higher in the area on the side receiving the supply of the crude fuel 
gas than in the area on the side outputting the gaseous fuel, thereby 
ensuring the above effects. 

The present invention is also directed to a second fuel reformer 
device in which a steam reforming reaction, which is endothermic and 
produces hydrogen from a hydrocarbon and steam, and an oxidation 
reaction, which is exothermic and oxidizes the hydrocarbon, proceed 
and heat generated by the oxidation reaction is utilized for a progress 
of the steam reforming reaction. The second fuel reformer device 
includes* a catalytic section that includes a catalyst for accelerating 
the steam reforming reaction and the oxidation reaction; a crude fuel 
gas supply unit that flows a supply of a crude fuel gas containing the 
hydrocarbon, steam, and oxygen into the catalytic section* and a 
gaseous fuel output unit that causes a hydrogen rich gaseous fuel, 
which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in the catalytic section, to be output 
from the catalytic section. The catalyst in the catalytic section is 
carried on a carrier mainly composed of a material having a relatively 
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high thermal conductivity. 

In the second fuel reformer device of the present invention thus 
constructed, the crude fuel gas containing the hydrocarbon, steam, 
and oxygen is supplied to the catalytic section including the catalyst 
5 for accelerating the steam reforming reaction and the oxidation 
reaction. Both the steam reforming reaction, which is endothermic 
and produces hydrogen from the hydrocarbon and steam, and the 
oxidation reaction, which is exothermic and oxidizes the hydrocarbon, 
proceed in the catalytic section. The resulting hydrogen rich gaseous 

10 fuel is output from the catalytic section. The catalyst is carried on a 
carrier that is mainly composed of a material having a relatively high 
thermal conductivity. The heat generated by the oxidation reaction 
is thus quickly transmitted to the periphery by means of the carrier 
and is utilized for the steam reforming reaction. 

15 In the fuel reformer device of this configuration, the heat 

generated by the oxidation reaction is quickly diffused. This 
effectively prevents an excessive temperature rise in the area on the 
side receiving the supply of the crude fuel gas, that is, the area of the 
vigorous oxidation reaction. This arrangement thus prevents the 

20 potential problems due to the excessive temperature rise, that is, 
deterioration of the catalyst and formation of byproducts, and 
significantly improves the durability of the reformer unit. The heat 
generated by the oxidation reaction is diffused and transmitted to the 
lower stream side. This arrangement ensures the sufficiently high 

25 activity of the steam reforming reaction on the lower stream side, thus 
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enabling size reduction of the fuel reformer device. 

The present invention is further directed to a third fuel 
reformer device in which a steam reforming reaction, which is 
endothermic and produces hydrogen from a hydrocarbon and steam, 
5 and an oxidation reaction, which is exothermic and oxidizes the 
hydrocarbon, proceed and heat generated by the oxidation reaction is 
utilized for a progress of the steam reforming reaction. The third 
fuel reformer device includes* a catalytic section that includes a 
catalyst for accelerating the steam reforming reaction and a catalyst 

10 for accelerating the oxidation reaction; a crude fuel gas supply unit 
that flows a supply of a crude fuel gas containing the hydrocarbon and 
steam into the catalytic section* an oxidizing gas supply unit that 
flows a supply of an oxidizing gas containing oxygen into the catalytic 
section* a gaseous fuel output unit that causes a hydrogen rich 

15 gaseous fuel, which is produced through the steam reforming reaction 
and the oxidation reaction proceeding in the catalytic section, to be 
output from the catalytic section* and an oxidation reaction 
suppression unit that suppresses a progress of the oxidation reaction 
in an area on a side receiving the supply of the oxidizing gas in the 

20 catalytic section. 

In the third fuel reformer device of the present invention thus 
constructed, the crude fuel gas containing the hydrocarbon and steam 
and the oxidizing gas containing oxygen are supplied to the catalytic 
section including the catalyst for accelerating the steam reforming 

25 reaction and the catalyst for accelerating the oxidation reaction. 
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Both the steam reforming reaction, which is endothermic and 
produces hydrogen from the hydrocarbon and steam, and the 
oxidation reaction, which is exothermic and oxidizes the hydrocarbon, 
proceed in the catalytic section. The heat generated by the oxidation 
5 reaction is utilized for the progress of the steam reforming reaction. 
The resulting hydrogen rich gaseous fuel is output from the catalytic 
section. In the catalytic section, the progress of the oxidation 
reaction is suppressed in the area on the side receiving the supply of 
the oxidizing gas. 

10 In the fuel reformer device of this configuration, the progress of 

the oxidation reaction is suppressed in the area on the side receiving 
the supply of the oxidizing gas. This effectively prevents an 
excessive temperature rise on the side receiving the supply of the 
oxidizing gas. This arrangement thus prevents the potential 

15 problems due to the excessive temperature rise, that is, deterioration 
of the catalyst and formation of by-products, and significantly 
improves the durability of the reformer unit. The suppressed 
oxidation reaction on the side receiving the supply of the oxidizing gas 
advantageously extends the area of the vigorous oxidation reaction to 

20 the lower stream portion. This heightens the temperature on the 
lower stream side and ensures the sufficiently high activity of the 
steam reforming reaction on the lower stream side, thus enabling size 
reduction of the fuel reformer device. 

In the third fuel reformer device of the present invention, it is 

25 preferable that the oxidation reaction suppression unit makes an 
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existing quantity of the catalyst for accelerating the oxidation 
reaction smaller in the area on the side receiving the supply of the 
oxidizing gas than in an area on a side outputting the gaseous fuel in 
the catalytic section. 
5 In the third fuel reformer device of the present invention, it is 

also preferable that the catalyst for accelerating the steam reforming 
reaction is identical with the catalyst for accelerating the oxidation 
reaction, and that the oxidation reaction suppression unit makes an 
existing quantity of the identical catalyst smaller in the area on the 

10 side receiving the supply of the oxidizing gas than in the area on the 
side outputting the gaseous fuel. 

The present invention is also directed to a fourth fuel reformer 
device in which a steam reforming reaction, which is endothermic and 
produces hydrogen from a hydrocarbon and steam, and an oxidation 

15 reaction, which is exothermic and oxidizes the hydrocarbon, proceed 
and heat generated by the oxidation reaction is utilized for a progress 
of the steam reforming reaction. The fourth fuel reformer device 
includes* a catalytic section that includes a catalyst for accelerating 
the steam reforming reaction and a catalyst for accelerating the 

20 oxidation reaction; a crude fuel gas supply unit that flows a supply of 
a crude fuel gas containing the hydrocarbon and steam into the 
catalytic section; an oxidizing gas supply unit that flows a supply of 
an oxidizing gas containing oxygen into the catalytic section?* a 
gaseous fuel output unit that causes a hydrogen rich gaseous fuel, 

25 which is produced through the steam reforming reaction and the 
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oxidation reaction proceeding in the catalytic section, to be output 
from the catalytic section; and a reaction state detection unit that 
detects a degree of progress of the reaction proceeding in the catalytic 
section. The oxidizing gas supply unit has an oxygen concentration 
5 regulation unit that keeps a flow rate of oxygen per unit time supplied 
to the catalytic section at a desired level and regulates a 
concentration of oxygen included in the oxidizing gas supplied to the 
catalytic section, based on the degree of progress of the reaction 
detected by the reaction state detection unit. 

10 In the fourth fuel reformer device of the present invention thus 

constructed, the crude fuel gas containing the hydrocarbon and steam 
and the oxidizing gas containing oxygen are supplied to the catalytic 
section including the catalyst for accelerating the steam reforming 
reaction and the catalyst for accelerating the oxidation reaction. 

15 Both the steam reforming reaction, which is endothermic and 
produces hydrogen from the hydrocarbon and steam, and the 
oxidation reaction, which is exothermic and oxidizes the hydrocarbon, 
proceed in the catalytic section. The heat generated by the oxidation 
reaction is utilized for the progress of the steam reforming reaction. 

20 The resulting hydrogen rich gaseous fuel is output from the catalytic 
section. The degree of progress of the reaction proceeding in the 
catalytic section is detected. While the flow rate of oxygen per unit 
time supplied to the catalytic section is kept at a desired level, the 
concentration of oxygen included in the oxidizing gas supplied to the 

25 catalytic section is regulated, based on the detected degree of progress 
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of the reaction. 

In the fuel reformer device of this configuration, the 
concentration of oxygen included in the oxidizing gas is regulated to 
control the rate of the oxidation reaction proceeding on the side 
5 receiving the supply of the oxidizing gas. This effectively prevents 
an excessive temperature rise on the side receiving the supply of the 
oxidizing gas. This arrangement thus prevents the potential 
problems due to the excessive temperature rise, that is, deterioration 
of the catalyst and formation of by-products, and significantly 

10 improves the durability of the reformer unit. The controlled rate of 
the oxidation reaction through the regulation of the concentration of 
oxygen included in the oxidizing gas advantageously extends the area 
of the vigorous oxidation reaction to the lower stream portion. This 
heightens the temperature on the lower stream side and ensures the 

15 sufficiently high activity of the steam reforming reaction on the lower 
stream side, thus enabling size reduction of the fuel reformer device. 

In the fourth fuel reformer device of the present invention, it is 
preferable that the catalytic section includes a plurality of reaction 
units including the catalyst, and that the oxidizing gas supply unit 

20 flows the supply of the oxidizing gas into each of the plurality of 
reaction units. The arrangement of receiving the supply of the 
oxidizing gas at a plurality of places further enhances the effect of 
homogenizing the temperature inside the catalytic section. 

The present invention is further directed to a fifth fuel 

25 reformer device in which a steam reforming reaction, which is 
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endothermic and produces hydrogen from a hydrocarbon and steam, 
and an oxidation reaction, which is exothermic and oxidizes the 
hydrocarbon, proceed and heat generated by the oxidation reaction is 
utilized for a progress of the steam reforming reaction. The fifth fuel 
5 reformer device includes* a catalytic section that includes a catalyst 
for accelerating the steam reforming reaction and the oxidation 
reaction! a crude fuel gas supply unit that flows a supply of a crude 
fuel gas containing the hydrocarbon, steam, and oxygen into the 
catalytic section? a gaseous fuel output unit that causes a hydrogen 

10 rich gaseous fuel, which is produced through the steam reforming 
reaction and the oxidation reaction proceeding in the catalytic section, 
to be output from the catalytic section; and a gas flow direction 
inversion unit that changes a site receiving the supply of the crude 
fuel gas by means of the crude fuel gas supply unit and a site 

15 outputting the gaseous fuel by means of the gaseous fuel output unit 
with each other in the catalytic section, so as to invert a gas flow in 
the catalytic section. 

In the fifth fuel reformer device of the present invention thus 
constructed, the crude fuel gas containing the hydrocarbon, steam, 

20 and oxygen is supplied to the catalytic section including the catalyst 
for accelerating the steam reforming reaction and the oxidation 
reaction. Both the steam reforming reaction, which is endothermic 
and produces hydrogen from the hydrocarbon and steam, and the 
oxidation reaction, which is exothermic and oxidizes the hydrocarbon, 

25 proceed in the catalytic section. The heat generated by the oxidation 
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reaction is utilized for the progress of the steam reforming reaction. 
The resulting hydrogen rich gaseous fuel is output from the catalytic 
section. In the course of the progress of such reactions, the site 
receiving the supply of the crude fuel gas is changed with the site 
5 outputting the gaseous fuel in the catalytic section. 

In the fuel reformer device of this configuration, the site 
receiving the supply of the crude fuel gas is changed with the site 
outputting the gaseous fuel in the catalytic section. This effectively 
prevents an excessive temperature rise in a specific area on the side 

10 receiving the supply of the crude fuel gas. This arrangement thus 
prevents the potential problems due to the excessive temperature rise, 
that is, deterioration of the catalyst and formation of by-products, and 
significantly improves the durability of the reformer unit. There is 
no significant temperature drop in a specific area on the lower stream 

15 side. This ensures the sufficiently high activity of the steam 
reforming reaction in the whole catalytic section, thus enabling size 
reduction of the fuel reformer device. 

In the fifth fuel reformer device of the present invention, it is 
preferable that the catalytic section has an end temperature 

20 measurement unit that measures a temperature at a preset position 
in the site receiving the supply of the crude fuel gas by means of the 
crude fuel gas supply unit in the catalytic section, and that the gas 
flow direction inversion unit changes the site receiving the supply of 
the crude fuel gas by means of the crude fuel gas supply unit and the 

25 site outputting the gaseous fuel by means of the gaseous fuel output 
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unit with each other, based on the observed temperature by the end 
temperature measurement unit. This arrangement effectively 
prevents the excessive temperature rise on the side receiving the 
crude fuel gas. 

5 The present invention is also directed to a sixth fuel reformer 

device in which a steam reforming reaction, which is endothermic and 
produces hydrogen from a hydrocarbon and steam, and an oxidation 
reaction, which is exothermic and oxidizes the hydrocarbon, proceed 
and heat generated by the oxidation reaction is utilized for a progress 

10 of the steam reforming reaction. The sixth fuel reformer device 
includes- a catalytic section which particles with a catalyst for 
accelerating the steam reforming reaction and the oxidation reaction 
are sealed in; a crude fuel gas supply unit that flows a supply of a 
crude fuel gas containing the hydrocarbon, steam, and oxygen into the 

15 catalytic section; a gaseous fuel output unit that causes a hydrogen 
rich gaseous fuel, which is produced through the steam reforming 
reaction and the oxidation reaction proceeding in the catalytic section, 
to be output from the catalytic section; and a catalyst stirrer unit that 
stirs the particles with the catalyst in the catalytic section. 

20 In the sixth fuel reformer device of the present invention thus 

constructed, the crude fuel gas containing the hydrocarbon, steam, 
and oxygen is supplied to the catalytic section that is filled with the 
particles with the catalyst for accelerating the steam reforming 
reaction and the oxidation reaction. Both the steam reforming 

25 reaction, which is endothermic and produces hydrogen from the 
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hydrocarbon and steam, and the oxidation reaction, which is 
exothermic and oxidizes the hydrocarbon, proceed in the catalytic 
section, while the particles with the catalyst are stirred. The heat 
generated by the oxidation reaction is utilized for the progress of the 
5 steam reforming reaction. The resulting hydrogen rich gaseous fuel 
is output from the catalytic section. 

In the fuel reformer device of this configuration, the particles 
with the catalyst are stirred in the catalytic section. The catalyst 
carried on the particles is thus successively involved in the oxidation 

10 reaction. This effectively prevents an excessive temperature rise in 
a specific area on the side receiving the supply of the crude fuel gas. 
This arrangement thus prevents the potential problems due to the 
excessive temperature rise, that is, deterioration of the catalyst and 
formation of by-products, and significantly improves the durability of 

15 the reformer unit. There is no significant temperature drop in a 
specific area on the lower stream side. This ensures the sufficiently 
high activity of the steam reforming reaction in the whole catalytic 
section, thus enabling size reduction of the fuel reformer device. 

In the sixth fuel reformer device of the present invention, it is 

20 preferable that the catalyst stirrer unit is disposed in the crude fuel 
gas supply unit and injects a gas containing at least one of the 
hydrocarbon, steam, and oxygen into the catalytic section, so as to stir 
the particles with the catalyst in the catalytic section. This 
arrangement enables the action of supplying the crude fuel gas to the 

25 catalytic section to be carried out simultaneously with the action of 
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stirring the particles with the catalyst. 

The present invention is also directed to a seventh fuel 
reformer device in which a steam reforming reaction, which is 
endothermic and produces hydrogen from a hydrocarbon and steam, 
5 and an oxidation reaction, which is exothermic and oxidizes the 
hydrocarbon, proceed and heat generated by the oxidation reaction is 
utilized for a progress of the steam reforming reaction. The seventh 
fuel reformer device includes* a catalytic section that includes a 
catalyst for accelerating the steam reforming reaction and the 

10 oxidation reaction; a crude fuel gas supply unit that flows a supply of 
a crude fuel gas containing the hydrocarbon and steam into the 
catalytic section; an oxidizing gas supply unit that flows a supply of 
an oxidizing gas containing oxygen into the catalytic section! a 
gaseous fuel output unit that causes a hydrogen rich gaseous fuel, 

15 which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in the catalytic section, to be output 
from the catalytic section; and a flow site changing unit that changes 
with time a site receiving the supply of the oxidizing gas by means of 
the oxidizing gas supply unit in the catalytic section. 

20 In the seventh fuel reformer device of the present invention 

thus constructed, the crude fuel gas containing the hydrocarbon and 
steam and the oxidizing gas containing oxygen are supplied to the 
catalytic section including the catalyst for accelerating the steam 
reforming reaction and the oxidation reaction. Both the steam 

25 reforming reaction, which is endothermic and produces hydrogen from 
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the hydrocarbon and steam, and the oxidation reaction, which is 
exothermic and oxidizes the hydrocarbon, proceed in the catalytic 
section. The site receiving the supply of the oxidizing gas is changed 
with time in the catalytic section. The heat generated by the 
5 oxidation reaction that proceeds with the oxidizing gas supplied in 
this manner is utilized for the progress of the steam reforming 
reaction. The resulting hydrogen rich gaseous fuel is output from the 
catalytic section. 

In the fuel reformer device of this configuration, the site 

10 receiving the supply of the oxidizing gas is changed with time in the 
catalytic section. This effectively prevents an excessive temperature 
rise in a specific area on the side receiving the supply of the oxidizing 
gas. This arrangement thus prevents the potential problems due to 
the excessive temperature rise, that is, deterioration of the catalyst 

15 and formation of byproducts, and significantly improves the 
durability of the reformer unit. 

The present invention is further directed to an eighth fuel 
reformer device in which a steam reforming reaction, which is 
endothermic and produces hydrogen from a hydrocarbon and steam, 

20 and an oxidation reaction, which is exothermic and oxidizes the 
hydrocarbon, proceed and heat generated by the oxidation reaction is 
utilized for a progress of the steam reforming reaction. The eighth 
fuel reformer device includes- a catalytic section that includes a 
catalyst for accelerating the steam reforming reaction and the 

25 oxidation reaction; a crude fuel gas supply unit that flows a supply of 
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a crude fuel gas containing the hydrocarbon and steam into the 
catalytic section? an oxidizing gas supply unit that flows a supply of 
an oxidizing gas containing oxygen into the catalytic section; a 
gaseous fuel output unit that causes a hydrogen rich gaseous fuel, 
5 which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in the catalytic section, to be output 
from the catalytic section; and a heat homogenization unit that makes 
a feeding side receiving the supply of the crude fuel gas and the 
supply of the oxidizing gas adjoin to an output side outputting the 

10 gaseous fuel in the catalytic section, so as to enable heat exchange 
between the feeding side and the output side. 

In the eighth fuel reformer device of the present invention thus 
constructed, the crude fuel gas containing the hydrocarbon and steam 
and the oxidizing gas containing oxygen are supplied to the catalytic 

15 section including the catalyst for accelerating the steam reforming 
reaction and the oxidation reaction. Both the steam reforming 
reaction, which is endothermic and produces hydrogen from the 
hydrocarbon and steam, and the oxidation reaction, which is 
exothermic and oxidizes the hydrocarbon, proceed in the catalytic 

20 section. In the catalytic section, the feeding side receiving the 
supply of the crude fuel gas and the supply of the oxidizing gas is 
arranged to be adjacent to the output side outputting the gaseous fuel. 
Heat exchange is accordingly performed between the feeding side and 
the output side. The heat generated by the oxidation reaction is thus 

25 utilized for the progress of the steam reforming reaction. The 
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resulting hydrogen rich gaseous fuel is output from the catalytic 
section. 

In the fuel reformer device of this configuration, heat exchange 
is performed between the feeding side receiving the supply of the 
5 crude fuel gas and the supply of the oxidizing gas and the output side 
outputting the gaseous fuel in the catalytic section. This effectively 
prevents an excessive temperature rise in a specific area on the side 
receiving the supply of the oxidizing gas. This arrangement thus 
prevents the potential problems due to the excessive temperature rise, 

10 that is, deterioration of the catalyst and formation of by-products, and 
significantly improves the durability of the reformer unit. There is 
no significant temperature drop in a specific area on the lower stream 
side. This ensures the sufficiently high activity of the steam 
reforming reaction in the whole catalytic section, thus enabling size 

15 reduction of the fuel reformer device. 

In the eighth fuel reformer device of the present invention, it is 
preferable that the catalytic section includes at least two reaction 
units that respectively include the catalyst and have the feeding side 
and the output side mutually located at opposite positions, and that 

20 the at least two reaction units are arranged to make the feeding side 
of one reaction unit adjacent to the output side of the other reaction 
unit. 

In the eighth fuel reformer device of the present invention, it is 
also preferable that the catalytic section includes a turning area in a 
25 flow conduit of the crude fuel gas formed inside thereof, and that an 
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inlet and an outlet of the flow conduit are arranged to be adjacent to 
each other. 

The present invention is further directed to a ninth fuel 
reformer device in which a steam reforming reaction, which is 
endothermic and produces hydrogen from a hydrocarbon and steam, 
and an oxidation reaction, which is exothermic and oxidizes the 
hydrocarbon, proceed and heat generated by the oxidation reaction is 
utilized for a progress of the steam reforming reaction. The ninth 
fuel reformer device includes* a catalytic section that includes a 
catalyst for accelerating the steam reforming reaction and the 
oxidation reaction; a crude fuel gas supply unit that flows a supply of 
a crude fuel gas containing the hydrocarbon and steam into the 
catalytic section,* an oxidizing gas supply unit that flows a supply of 
an oxidizing gas containing oxygen into the catalytic section; a 
gaseous fuel output unit that causes a hydrogen rich gaseous fuel, 
which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in the catalytic section, to be output 
from the catalytic section; and a heating unit that heats a part other 
than an area on a side receiving the supply of the oxidizing gas by 
means of a specific fluid that transmits heat produced in a 
predetermined member, which is a constituent of a system including 
the fuel reformer device. 

In the ninth fuel reformer device of the present invention thus 
constructed, the crude fuel gas containing the hydrocarbon and steam 
and the oxidizing gas containing oxygen are supplied to the catalytic 
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section including the catalyst for accelerating the steam reforming 
reaction and the oxidation reaction. Both the steam reforming 
reaction, which is endothermic and produces hydrogen from the 
hydrocarbon and steam, and the oxidation reaction, which is 
exothermic and oxidizes the hydrocarbon, proceed in the catalytic 
section. In the area of the catalytic section where the oxidation 
reaction proceeds with the supply of the oxidizing gas, the heat 
generated by the oxidation reaction is utilized for the progress of the 
steam reforming reaction. The heat produced in the predetermined 
member, which is the constituent of the system including the fuel 
reformer device, is transmitted to the part other than the area on the 
side receiving the supply of the oxidizing gas by means of the specific 
fluid, and is utilized for the steam reforming reaction. The resulting 
hydrogen rich gaseous fuel is output from the catalytic section. 

In the fuel reformer device of this configuration, in the part 
other than the area on the side receiving the supply of the oxidizing 
gas, the oxidation reaction proceeds with the heat evolved in the 
predetermine member, which is the constituent of the system 
including the fuel reformer device. This arrangement enables the 
flow rate of the oxidizing gas supplied to the catalytic section to be 
reduced relative to the flow rate of the crude fuel gas supplied to the 
catalytic section. This effectively prevents an excessive temperature 
rise in a specific area on the side receiving the supply of the oxidizing 
gas. This arrangement thus prevents the potential problems due to 
the excessive temperature rise, that is, deterioration of the catalyst 
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and formation of by-products, and significantly improves the 
durability of the reformer unit. The heat evolved in the 
predetermined member, which is the constituent of the system 
including the fuel reformer device, is transmitted to the part other 
5 than the area on the side receiving the supply of the oxidizing gas. 
There is accordingly no significant temperature drop to lower the 
activity of the steam reforming reaction. This ensures the 
sufficiently high activity of the steam reforming reaction in the whole 
catalytic section, thus enabling size reduction of the fuel reformer 

10 device. This structure utilizes the heat evolved in the predetermined 
member, which is the constituent of the system including the fuel 
reformer device, to heat the part other than the area on the side 
receiving the supply of the oxidizing gas, thus effectively preventing a 
decrease in energy efficiency of the whole system. 

15 In the ninth fuel reformer device of the present invention, it is 

preferable that the heating unit heats the part other than the area on 
the side receiving the supply of the oxidizing gas by means of a hot gas 
discharged from the predetermined member, which is the constituent 
of the system including the fuel reformer device. 

20 The present invention is also directed to a tenth fuel reformer 

device in which a steam reforming reaction, which is endothermic and 
produces hydrogen from a hydrocarbon and steam, and an oxidation 
reaction, which is exothermic and oxidizes the hydrocarbon, proceed 
and heat generated by the oxidation reaction is utilized for a progress 

25 of the steam reforming reaction. The tenth fuel reformer device 
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includes : a catalytic section that includes a catalyst for accelerating 
the steam reforming reaction and the oxidation reaction; a crude fuel 
gas supply unit that flows a supply of a crude fuel gas containing the 
hydrocarbon and steam into the catalytic section?* an oxidizing gas 
5 supply unit that flows a supply of an oxidizing gas containing oxygen 
into the catalytic section; a gaseous fuel output unit that causes a 
hydrogen rich gaseous fuel, which is produced through the steam 
reforming reaction and the oxidation reaction proceeding in the 
catalytic section, to be output from the catalytic section; and an end 

10 cooling unit that sprays a liquid containing at least one of the 
hydrocarbon and water into an area on a side receiving the supply of 
the crude fuel gas and the supply of the oxidizing gas. 

In the tenth fuel reformer device of the present invention thus 
constructed, the crude fuel gas containing the hydrocarbon and steam 

15 and the oxidizing gas containing oxygen are supplied to the catalytic 
section including the catalyst for accelerating the steam reforming 
reaction and the oxidation reaction. Both the steam reforming 
reaction, which is endothermic and produces hydrogen from the 
hydrocarbon and steam, and the oxidation reaction, which is 

20 exothermic and oxidizes the hydrocarbon, proceed in the catalytic 
section. In the area of the catalytic section where the oxidation 
reaction proceeds with the supply of the oxidizing gas, the heat 
generated by the oxidation reaction is utilized for the progress of the 
steam reforming reaction. The liquid containing at least one of the 

25 hydrocarbon and water is sprayed into the area on the side receiving 
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the supply of the crude fuel gas and the supply of the oxidizing gas, so 
as to cool down the area. The resulting hydrogen rich gaseous fuel is 
output from the catalytic section. 

In the fuel reformer device of this configuration, the liquid 
5 containing at least one of the hydrocarbon and water is sprayed into 
the area on the side receiving the supply of the crude fuel gas and the 
supply of the oxidizing gas. Part of the heat generated by the 
oxidation reaction is accordingly consumed as the heat of vaporization. 
This effectively prevents an excessive temperature rise in a specific 
10 area on the side receiving the supply of the oxidizing gas. This 
arrangement thus prevents the potential problems due to the 
excessive temperature rise, that is, deterioration of the catalyst and 
formation of by-products, and significantly improves the durability of 
the reformer unit. 

15 The present invention is further directed to an eleventh fuel 

reformer device in which a steam reforming reaction, which is 
endothermic and produces hydrogen from a hydrocarbon and steam, 
and an oxidation reaction, which is exothermic and oxidizes the 
hydrocarbon, proceed and heat generated by the oxidation reaction is 

20 utilized for a progress of the steam reforming reaction. The eleventh 
fuel reformer device includes* a catalytic section that comprises a first 
reaction unit including a catalyst for accelerating the steam reforming 
reaction and the oxidation reaction and a second reaction unit 
including a catalyst for accelerating the steam reforming reaction; a 

25 crude fuel gas supply unit that flows a supply of a crude fuel gas 
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containing the hydrocarbon and steam into the catalytic section; an 
oxidizing gas supply unit that flows a supply of an oxidizing gas 
containing oxygen into the first reaction unit; and a gaseous fuel 
output unit that causes a hydrogen rich gaseous fuel, which is 
5 produced through the steam reforming reaction and the oxidation 
reaction proceeding in the catalytic section, to be output from the 
catalytic section. The first reaction unit and the second reaction unit 
are arranged to be adjacent to each other in the catalytic section, and 
heat exchange is performed between the first reaction unit and the 

10 second reaction unit. 

In the eleventh fuel reformer device of the present invention 
thus constructed, the crude fuel gas containing the hydrocarbon and 
steam and the oxidizing gas containing oxygen are supplied to the 
first reaction unit including the catalyst for accelerating the steam 

15 reforming reaction and the oxidation reaction. Both the steam 
reforming reaction, which is endothermic and produces hydrogen from 
the hydrocarbon and steam, and the oxidation reaction, which is 
exothermic and oxidizes the hydrocarbon, proceed in the first reaction 
unit. The crude fuel gas is also supplied to the second reaction unit 

20 including the catalyst for accelerating the steam reforming reaction. 
The steam reforming reaction then also proceeds in the second 
reaction unit. In the first reaction unit, the heat generated by the 
oxidation reaction is utilized for the progress of the steam reforming 
reaction. The heat exchange performed between the second reaction 

25 unit and the adjoining first reaction unit enables the heat generated 
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by the oxidation reaction in the first reaction unit to be utilized for 
the progress of the steam reforming reaction in the second reaction 
unit. The resulting hydrogen rich gaseous fuel is output from the 
catalytic section. 

In the fuel reformer device of this configuration, the heat 
generated by the oxidation reaction in the area of the first reaction 
unit where the oxidation reaction proceeds with the supply of the 
oxidizing gas is not only utilized for the steam reforming reaction 
proceeding in the first reaction unit but transmitted to the adjoining 
second reaction unit and utilized for the steam reforming reaction 
proceeding in the second reaction unit. This arrangement effectively 
prevents the potential problems due to an excessive temperature rise 
in the catalytic section with the heat generated by the oxidation 
reaction, that is, deterioration of the catalyst and formation of 
byproducts, and significantly improves the durability of the reformer 
unit. 

In any of the first, the second, and the fifth through the tenth 
fuel reformer devices of the present invention, the hydrocarbon may 
be methanol, and the catalyst for accelerating the steam reforming 
reaction and the oxidation reaction may be a single copper-containing 
catalyst. 

In either of the third and the fourth fuel reformer devices of the 
present invention, the hydrocarbon may be methanol, and the catalyst 
for accelerating the steam reforming reaction and the catalyst for 
accelerating the oxidation reaction may be an identical 
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copper-containing catalyst. 

In the eleventh fuel reformer device of the present invention, 
the hydrocarbon may be methanol, and the catalyst included in the 
first reaction unit may be a single copper-containing catalyst. 

In the fuel reformer device of this arrangement, the single 
copper-containing catalyst is used to accelerate both the steam 
reforming reaction and the oxidation reaction of methanol. Unlike 
the prior art technique that uses platinum or another known 
oxidation catalyst to accelerate the oxidation reaction, the oxidation 
reaction of methanol proceeding in the presence of the 
copper-containing catalyst hardly produces carbon monoxide. This 
arrangement accordingly gives the resulting gaseous fuel having the 
lower concentration of carbon monoxide. 

The present invention is also directed to a twelfth fuel 
reformer device in which a steam reforming reaction, which is 
endothermic and produces hydrogen from a hydrocarbon and steam, 
and an oxidation reaction, which is exothermic and oxidizes the 
hydrocarbon, proceed and heat generated by the oxidation reaction is 
utilized for a progress of the steam reforming reaction. The twelfth 
fuel reformer device includes^ a catalytic section that includes a 
catalyst for accelerating the steam reforming reaction and the 
oxidation reaction; a crude fuel gas supply unit that flows a supply of 
a crude fuel gas containing the hydrocarbon, steam, and oxygen into 
the catalytic section; and a gaseous fuel output unit that causes a 
hydrogen rich gaseous fuel, which is produced through the steam 
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reforming reaction and the oxidation reaction proceeding in the 
catalytic section, to be output from the catalytic section. The 
catalyst accelerates the oxidation reaction that is not via a reaction 
pathway of producing carbon monoxide, 
5 In the fuel reformer device of this configuration, the catalyst 

accelerates the oxidation reaction that is not via the reaction pathway 
of producing carbon monoxide. This arrangement effectively reduces 
the quantity of carbon monoxide produced by the reactions proceeding 
in the catalytic section, thus giving the resulting gaseous fuel having 

10 the lower concentration of carbon monoxide. 

In the twelfth fuel reformer device of the present invention, the 
hydrocarbon may be methanol, and the catalyst for accelerating the 
steam reforming reaction and the oxidation reaction may be a single 
copper-containing catalyst, 

15 In the fuel reformer device of this arrangement, the 

copper-containing catalyst is used to accelerate the oxidation reaction 
of methanol. Unlike the prior art technique that uses platinum or 
another known oxidation catalyst to accelerate the oxidation reaction, 
the oxidation reaction proceeding in the presence of the 

20 copper-containing catalyst hardly produces carbon monoxide. This 
arrangement accordingly gives the resulting gaseous fuel having the 
lower concentration of carbon monoxide. The use of the single 
copper-containing catalyst to accelerate both the steam reforming 
reaction and the oxidation reaction of methanol simplifies the 

25 structure of the fuel reformer device. 
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Brief Description of the Drawings 

Fig. 1 is a block diagram schematically illustrating the 
structure of a fuel cells system 20 in one preferred embodiment of the 
5 present invention?* 

Fig. 2 is a sectional view schematically illustrating the 
structure of a unit cell 48 of a fuel cells stack 40; 

Fig. 3 schematically illustrates the structure of a reformer unit 

34; 

10 Fig. 4 schematically illustrates the cross section of the 

honeycomb structure that forms the reformer unit 34; 

Fig. 5 is a graph showing internal temperature distributions of 
the reformer unit 34 and a prior art reformer unit; 

Fig. 6 illustrates the cross sections of another honeycomb 
15 structure in one modified example of the first embodiment; 

Fig. 7 schematically illustrates the structure of a reformer unit 
in another modified example of the first embodiment; 

Fig. 8 schematically illustrates the structure of a reformer unit 
90 in a second embodiment; 
20 Fig. 9(A) is a sectional view schematically illustrating part of 

the honeycomb structure of a reaction unit 92, and Fig. 9(B) is an 
enlarged view schematically illustrating part of the surface of the 
honeycomb structure; 

Fig. 10 is a graph showing internal temperature distributions 
25 of the reformer unit 90 and a prior art reformer unit; 
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Fig. 11 schematically illustrates the structure of a reformer 
unit 100 in a third embodiment; 

Fig. 12 is a graph showing internal temperature distributions 
of the reformer unit 100 and a prior art reformer unit; 
5 Fig. 13 schematically illustrates the structure of a reformer 

unit 110 in a fourth embodiment; 

Fig. 14 is a flowchart showing an air load regulation routine 
executed in a fuel cells system including the reformer unit 110; 

Fig. 15 schematically illustrates the structure of a reformer 
10 unit 110A in a modified example of the fourth embodiment; 

Fig. 16 is a graph showing internal temperature distributions 
of the reformer unit 110A and a prior art reformer unit; 

Fig. 17 schematically illustrates the structure of a reformer 
unit 120 in a fifth embodiment; 
15 Fig. 18 is a flowchart showing a gas inlet changeover routine 

executed in the fuel cells system 20; 

Fig. 19 is a graph showing internal temperature distributions 
of the reformer unit 120 and a prior art reformer unit; 

Fig. 20 schematically illustrates the structure of a reformer 
20 unit 130 and members connecting with the reformer unit 130 in a 
sixth embodiment; 

Fig. 21 is a graph showing internal temperature distributions 
of the reformer unit 130 and a prior art reformer unit; 

Fig. 22 schematically illustrates the structure of a reformer 
25 unit 140 in a seventh embodiment; 
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Fig. 23 is a graph showing internal temperature distributions 
of the reformer unit 140 and a prior art reformer unit; 

Fig. 24 schematically illustrates the structure of a reformer 
unit 140Ain a modified example of the seventh embodiment; 
5 Fig. 25 is a sectional view schematically illustrating the 

structure of a reformer unit 150 in an eighth embodiment; 

Fig. 26 is a graph showing internal temperature distributions 
of the reformer unit 150 and a prior art reformer unit; 

Fig. 27 is a sectional view schematically illustrating the 
10 structure of a reformer unit 160 in a ninth embodiment-* 

Fig. 28 is a graph showing internal temperature distributions 
of the reformer unit 160 and a prior art reformer unit; 

Fig. 29 schematically illustrates the structure of a reformer 
unit 160A in a modified example of the ninth embodiment; 
15 Fig. 30 is a sectional view schematically illustrating the 

structure of a reformer unit 170 in a tenth embodiment; 

Fig. 31 is a graph showing internal temperature distributions 
of the reformer unit 170 and a prior art reformer unit; 

Fig. 32 schematically illustrates the structure of a reformer 
20 unit 180 in an eleventh embodiment; 

Fig. 33 is a graph showing internal temperature distributions 
of the reformer unit 180 and a prior art reformer unit; 

Fig. 34 schematically illustrates the structure of a reformer 
unit 190 in a twelfth embodiment; 
25 Fig. 35 is a graph showing internal temperature distributions 
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of the reformer unit 190 and a prior art reformer unit; 

Fig. 36 schematically illustrates the structure of a reformer 
unit 190Ain one modified example of the twelfth embodiment; 

Fig. 37 schematically illustrates the structure of a reformer 
5 unit 190B in another modified example of the twelfth embodiment; 
and 

Fig. 38 is a graph showing a temperature distribution inside of 
a prior art fuel reformer device. 

10 Best Modes of Carrying Out the Invention 

In order to clarify the configurations, the functions, and the 
advantages of the present invention discussed above, some modes of 
carrying out the present invention are described below as preferred 
embodiments. Fig. 1 schematically illustrates the structure of a fuel 

15 cells system 20 including a reformer unit in a first embodiment of the 
present invention. The fuel cells system 20 includes, as primary 
constituents, a methanol reservoir 22 that stores methanol therein, a 
water reservoir 24 that stores water therein, a burner 26 that 
generates a combustion gas, a compressor unit 28 that compresses the 

20 air, an evaporator 32 that is coupled with the burner 26 and the 
compressor unit 28, a reformer unit 34 that produces a gaseous fuel 
through a reforming reaction, a CO reduction unit 36 that reduces 
concentration of carbon monoxide (CO) included in the gaseous fuel, 
fuel cells 40 that generate an electromotive force through 

25 electrochemical reactions, and a control unit 50 that is constructed by 
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a computer. The following first describes the fuel cells 40, which 
mainly function to generate electric power in the fuel cells system 20. 

The fuel cells 40 are polymer electrolyte fuel cells and have a 
stack structure obtained by laying a plurality of construction units or 
5 unit cells one upon another. Fig. 2 is a sectional view illustrating the 
structure of a unit cell 48 of the fuel cells stack 40. The unit cell 48 
includes an electrolyte membrane 41, an anode 42, a cathode 43, and a 
pair of separators 44 and 45. 

The anode 42 and the cathode 43 are gas diffusion electrodes 

10 that are disposed across the electrolyte membrane 41 to form a 
sandwich structure. The pair of separators 44 and 45 are further 
disposed across this sandwich structure and are respectively 
combined with the anode 42 and the cathode 43 to define flow paths of 
a gaseous fuel and an oxidizing gas. Gaseous fuel flow conduits 44P 

15 are defined by the anode 42 and the separator 44, whereas oxidizing 
gas flow conduits 45P are defined by the cathode 43 and the separator 
45. Although the flow conduits are illustrated in only a single face of 
each of the separators 44 and 45 in Fig. 2, ribs are actually formed in 
both faces of each of the separators 44 and 45. One face of the 

20 separator is combined with the anode 42 to define the gaseous fuel 
flow conduits 44P, whereas the other face of the separator is combined 
with the cathode 43 of the adjoining unit cell to define the oxidizing 
gas flow conduits 45P. The separators 44 and 45 are combined with 
the adjoining gas diffusion electrodes to define the gas flow conduits, 

25 while functioning to separate the flow of gaseous fuel from the flow of 
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oxidizing gas between each pair of adjoining unit cells. In the stack 
structure obtained by laying the plurality of unit cells 48 one upon 
another, the two separators located on both ends of the stack structure 
may have ribs only in the respective single faces thereof that are in 
5 contact with the gas diffusion electrodes. 

The electrolyte membrane 41 is a proton-conductive ion 
exchange membrane composed of a solid polymer material, for 
example, a fluororesin, and shows favorable electrical conductivity in 
the wet state. In this embodiment, a Nafion (manufactured by du 

10 Pont) film is applied for the electrolyte membrane 41. Platinum or a 
platinum alloy consisting of platinum and another metal is applied as 
a catalyst on the surface of the electrolyte membrane 41. 

The anode 42 and the cathode 43 are made of carbon cloth that 
is woven of carbon fiber yarns. The anode 42 and the cathode 43 may 

15 be made of carbon paper or carbon felt that also consists of carbon 
fibers, instead of the carbon cloth of this embodiment. 

The separators 44 and 45 are composed of a gas-impermeable 
electrically conductive material, for example, gas-impermeable dense 
carbon obtained by compacting carbon powder. Each of the 

20 separators 44 and 45 has a plurality of ribs that are arranged in 
parallel on both faces thereof and are combined with the surface of the 
anode 42 to define the gaseous fuel flow conduits 44P while being 
combined with the surface of the cathode 43 of the adjoining unit cell 
to define the oxidizing gas flow conduits 45P. It is, however, not 

25 necessary to form the ribs in parallel on both faces of each separator, 
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but the ribs formed on one face may be arranged at a predetermined 
angle to the ribs formed on the other face, for example, parallel to the 
ribs on the other face. The shape of the ribs may not be restricted to 
the parallel grooves, but the ribs may have any shape that allow 
5 supplies of the gaseous fuel and the oxidizing gas to the gas diffusion 
electrodes. 

The unit cell 48, which is the construction unit of the fuel cells 
40, has the structure discussed above. In the actual assembly of the 
fuel cells 40, plural sets (100 sets in this embodiment) of the unit cells 

10 48, each including the separator 44, the anode 42, the electrolyte 
membrane 41, the cathode 43, and the separator 45 in this sequence, 
are laid one upon another to form a cell laminate. The stack 
structure is completed by arranging a pair of collector plates, which 
are composed of dense carbon or copper plates, across the cell 

15 laminate. 

The constituents of the fuel cells system 20 other than the fuel 
cells 40 and their connections are discussed below. The evaporator 
32 receives supplies of methanol and water from the methanol 
reservoir 22 and the water reservoir 24 and vaporize the methanol 

20 and water. The evaporator 32 is coupled with the burner 26 and the 
compressor unit 28 as mentioned previously. A combustion exhaust 
discharged from the burner 26 is led via the compressor unit 28 as 
discussed later, and the heat of combustion is transmitted to a 
non-illustrated heat exchange unit of the evaporator 32 to boil and 

25 vaporize methanol and water supplied to the evaporator 32. 
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A second pump 71 is disposed in a methanol flow conduit 60, 
through which a supply of methanol as a crude fuel is flown from the 
methanol reservoir 22 to the evaporator 32, in order to regulate the 
quantity of methanol supplied to the evaporator 32. The second 
pump 71 is connected with the control unit 50 and is driven in 
response to signals output from the control unit 50 to regulate the 
flow rate of methanol supplied to the evaporator 32. 

A third pump 72 is disposed in a water flow conduit 62, through 
which a supply of water is flown from the water reservoir 24 to the 
evaporator 32, in order to regulate the quantity of water supplied to 
the evaporator 32. Like the second pump 71, the third pump 72 is 
connected with the control unit 50 and is driven in response to signals 
output from the control unit 50 to regulate the flow rate of water 
supplied to the evaporator 32. The methanol flow conduit 60 joins 
the water flow conduit 62 to form a first fuel supply conduit 63, which 
connects with the evaporator 32, Since the flow rate of methanol and 
the flow rate of water are regulated by the second pump 71 and the 
third pump 72, the mixture of a preset quantity of the methanol and a 
preset quantity of water is fed to the evaporator 32 via the fist fuel 
supply conduit 63. 

The compressor unit 28 coupled with the evaporator 32 takes in 
the air from the outside of the fuel cells system 20, compresses the 
intake air, and feeds the compressed air to the cathodes of the fuel 
cells 40. The compressor unit 28 includes a turbine 28a and a 
compressor 28b formed in an impeller. The turbine 28a and the 
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compressor 28b are linked with each other via a coaxial shaft 28c. 
The compressor 28b is driven and rotated by driving and rotating the 
turbine 28a. The burner 26 is also coupled with the evaporator 32. 
The turbine 28a is driven by the hot combustion gas led from this 
5 burner 26. The compressor 28b rotates with the rotation of the 
turbine 28a and compresses the air as mentioned previously. The air 
is taken from the outside into the compressor 28b via an air flow 
m conduit 29. The air compressed by the compressor unit 28 is fed to 
Cj the fuel cells 40 via an oxidizing gas supply conduit 58 and is 
!□ 10 subjected to the electrochemical reactions proceeding in the fuel cells 

S 40. 

The turbine 28a is actuated by the hot combustion gas led from 
S 8 * the burner 26 and is composed of a refractory alloy or ceramic to have 
CP the heat resistance and durability. In this embodiment, a 
H\L5 nickel-based alloy (Inconel 700 manufactured by Inconel Corporation) 
is used for the turbine 28a. The compressor 28b is composed of a 
light-weight aluminum alloy. 

The burner 26 that functions to drive the turbine 28a receives 
the fuel for combustion from the anodes of the fuel cells 40 and the 
20 methanol reservoir 22. The fuel cells 40 use, as the fuel, a hydrogen 
rich gas produced by reforming methanol in the reformer unit 34 for 
the electrochemical reactions proceeding therein. All the hydrogen 
supplied to the fuel cells 40 is not consumed by the electrochemical 
reactions, but a gaseous fuel exhaust including the non-consumed, 
25 remaining hydrogen is discharged to a fuel exhaust conduit 67. The 
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burner 26 connected to this fuel exhaust conduit 67 receives a supply 
of the gaseous fuel exhaust and causes the non-consumed, remaining 
hydrogen to undergo the complete combustion, so as to improve the 
utilization rate of the fuel. The fuel exhaust is generally not 
5 sufficient for the fuel for combustion in the burner 26. A supply of 
methanol is accordingly fed from the methanol reservoir 22 to the 
burner 26 to supplement such an insufficiency or to be used as the fuel 
for combustion in the burner 26 when no fuel exhaust is fed from the 
fuel cells 40, for example, at the starting time of the fuel cells system 
10 20. A methanol branch conduit 61 is formed to feed the supply of 
methanol to the burner 26. The methanol branch conduit 61 
branches off from the methanol flow conduit 60, through which the 
supply of methanol is flown from the methanol reservoir 22 to the 
evaporator 32. 

15 The burner 26 has a first temperature sensor 73 that measures 

the temperature of combustion in the burner 26 and inputs the result 
of the measurement to the control unit 50. The control unit 50 
outputs a driving signal to the first pump 70 based on the input from 
the first temperature sensor 73, so as to regulate the quantity of 

20 methanol fed to the burner 26 and maintain the temperature of 
combustion in the burner 26 within a predetermined range 
(approximately 800°C to 1000°C). The combustion gas in the burner 
26 works to drive and rotate the turbine 28a and is then led to the 
evaporator 32. The efficiency of heat exchange in the turbine 28a is 

25 relatively low (not higher than approximately 10%). The combustion 



43 



exhaust gas led to the evaporator 32 accordingly has the temperature 
of approximately 600 to 700°C and is sufficient for the heat source of 
the evaporator 32. The solution mixture of methanol and water 
supplied via the first fuel supply conduit 63 as described previously is 
5 vaporized by the hot combustion exhaust gas led from the burner 26 to 
the evaporator 32. A crude fuel gas of methanol and water vaporized 
by the evaporator 32 is flown through a second fuel supply conduit 64 
to the reformer unit 34. 

The reformer unit 34 reforms the crude fuel gas of methanol 

10 and water to produce a hydrogen rich gaseous fuel. The 
configuration of the reformer unit 34 and the reforming reaction 
proceeding in the reformer unit 34 are the essential part of the 
present invention and will be discussed in detail later. A second 
temperature sensor 74 is disposed in the second fuel supply conduit 64, 

15 through which the crude fuel gas of methanol and water is flown to 
the reformer unit 34, and measures the temperature of the crude fuel 
gas of methanol and water fed to the reformer unit 34. The observed 
temperature of the crude fuel gas is input into the control unit 50. In 
the process of outputting the driving signal to the first pump 70 based 

20 on the input from the first temperature sensor 73, the control unit 50 
corrects the driving amount of the first pump 70 based on the input 
from the second temperature sensor 74 and regulates the quantity of 
methanol fed to the burner 26. Regulating the temperature of the 
combustion gas in the burner 26 in this manner adjusts the 

25 temperature of the crude fuel gas vaporized in the evaporator 32. 
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The crude fuel gas led from the evaporator 32 is generally heated to 
approximately 250°C. 

As described later, oxygen is involved in the reforming reaction 
proceeding in the reformer unit 34. The reformer unit 34 has a 
5 blower 38 to taken in oxygen required for the reforming reaction. 
The blower 38 compresses the externally intake air and feeds the 
compressed intake air to the reformer unit 34 via an air supply 
conduit 39. In the structure of this embodiment, the air supply 
conduit 39 joins the second fuel supply conduit 64, and the intake air 
10 by the blower 38 is fed into the reformer unit 34 together with the 
crude fuel gas led from the evaporator 32. The blower 38 is 
connected with the control unit 50, which controls the driving state of 
the blower 38. 

The CO reduction unit 36 reduces the concentration of carbon 
15 monoxide included in the gaseous fuel led from the reformer unit 34 
via a third fuel supply conduit 65. The general reforming reaction of 
methanol is expressed by Equation (4) given previously. In the 
actual state, however, the reforming reaction does not proceed in the 
ideal manner as expressed by this equation, but the gaseous fuel 
20 produced in the reformer unit 34 includes a certain amount of carbon 
monoxide. The CO reduction unit 36 functions to reduce the 
concentration of carbon monoxide included in the gaseous fuel 
supplied to the fuel cells 40. 

The fuel cells 40 of this embodiment are polymer electrolyte 
25 fuel cells and have the platinum or platinum alloy catalyst to 
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accelerate the cell reactions (in this embodiment, the platinum 
catalyst is applied on the surface of the electrolyte membrane 41). 
Carbon monoxide included in the gaseous fuel is adsorbed by the 
platinum catalyst to lower its catalytic action and interfere with the 
5 reaction of Equation (l) proceeding at the anodes, so as to deteriorate 
the performance of the fuel cells. In the course of power generation 
with the polymer electrolyte fuel cells like the fuel cells 40, it is 
accordingly essential to sufficiently reduce the concentration of 
carbon monoxide included in the supply of gaseous fuel and prevent 
10 deterioration of the cell performances. In the polymer electrolyte 
fuel cells, the allowable limit of the concentration of carbon monoxide 
included in the supply of gaseous fuel is generally not greater than 
several ppm. 

The gaseous fuel led to the CO reduction unit 36 is a hydrogen 
15 rich gas containing the certain amount of carbon monoxide as 
mentioned above. The CO reduction unit 36 oxidizes carbon 
monoxide in preference to hydrogen included in the gaseous fuel. 
The CO reduction unit 36 is filled with a carrier having any of 
platinum, ruthenium, palladium, gold, and alloys of these metals as 
20 the primary element carried thereon as a carbon monoxide selective 
oxidation catalyst. The concentration of carbon monoxide included 
in the gaseous fuel processed by this CO reduction unit 36 depends 
upon the driving temperature of the CO reduction unit 36, the 
concentration of carbon monoxide originally included in the supply of 
25 gaseous fuel, and the flow rate of the gaseous fuel fed to the CO 
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reduction unit 36 per unit volume of the catalyst. The CO reduction 
unit 36 has a non-illustrated carbon monoxide sensor. The driving 
temperature of the CO reduction unit 36 and the flow rate of the 
gaseous fuel fed to the CO reduction unit 36 are regulated according 
5 to the result of the measurement with the carbon monoxide sensor, so 
as to make the concentration of carbon monoxide included in the 
processed gaseous fuel not greater than several ppm. 

The gaseous fuel having the reduced concentration of carbon 
monoxide is led from the CO reduction unit 36 through a fourth fuel 

10 supply conduit 66 to the fuel cells 40 and is subjected to the cell 
reaction at the anodes. The gaseous fuel exhaust after the cell 
reaction in the fuel cells 40 is discharged to the fuel exhaust conduit 
67 and led to the burner 26 as mentioned previously. The remaining 
hydrogen in the gaseous fuel exhaust is consumed as the fuel for 

15 combustion. The oxidizing gas involved in the cell reaction at the 
cathode of the fuel cells 40, on the other hand, is supplied as the 
compressed air from the compressor unit 28 through the oxidizing gas 
supply conduit 68 as described above. The oxidizing gas exhaust 
after the cell reaction is discharged outside via an oxidizing gas 

20 exhaust conduit 69. 

The control unit 50 is constructed as a logic circuit including a 
microcomputer. In a concrete structure, the control unit 50 includes 
a CPU 54 that executes a variety of arithmetic and logic operations 
according to preset control programs, a ROM 56 in which control 

25 programs and control data required for the execution of the various 
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arithmetic and logic operations by the CPU 54 are stored in advance, 
a RAM 58 which a diversity of data required for the execution of the 
various arithmetic and logic operations by the CPU 54 are temporarily 
written in and read from, and an input-output port 52 that inputs 
detection signals from the temperature sensors described above and 
outputs driving signals to the pumps and the blower 38 described 
above according to the results of the arithmetic and logic operations 
executed by the CPU 54. 

The following describes the configuration of the reformer unit 
34, which is characteristic of the present invention. Fig. 3 
schematically illustrates the structure of the reformer unit 34. The 
reformer unit 34 of this embodiment receives the supplies of the crude 
fuel gas and the air from an end connecting with the second fuel 
supply conduit 64. The supplied crude fuel gas and the air pass 
through the inside of the reformer unit 34 and are subjected to the 
steam reforming reaction and the oxidation reaction (the partial 
oxidation reaction). The hydrogen rich gaseous fuel produced 
through the steam reforming reaction expressed by Equation (4) and 
the oxidation reaction expressed by Equation (5) in the reformer unit 
34 is discharged from the other end to the third fuel supply conduit 65. 
The reformer unit 34 includes a first reaction unit 80 and a second 
reaction unit 81. The first reaction unit 80 and the second reaction 
unit 81 are constructed as metal honeycombs with a Cu-Zn catalyst 
carried on the surface thereof. The first reaction unit 80 disposed on 
the upper stream side (that is, the side close to the connection with 
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the second fuel supply conduit 64) is designed to have a smaller 
number of cells discussed later than the second reaction unit 81 
disposed on the lower stream side (that is, the side close to the 
connection with the third fuel supply conduit 65). 
5 Fig. 4 schematically illustrates part of the cross section of the 

metal honeycomb that defines the first reaction unit 80 and the 
second reaction unit 81. The metal honeycomb is formed by laying 
stainless steel plates 82 and 83 one upon the other. More specifically 
the metal honeycomb is formed by alternately laying the flat stainless 

10 steel plates 82 and the corrugated stainless steel plates 83 one upon 
another. The stainless steel plate 83 is corrugated at the intervals of 
1 mm. The alternate arrangement of the corrugated stainless steel 
plates 83 and the flat stainless steel plates 82 accordingly gives the 
honeycomb structure of cells having a substantially square cross 

15 section of 1 mm in length of each side. 

The difference between the first reaction unit 80 and the 
second reaction unit 81 is the thickness of the stainless steel plates 82 
and 83 used to form the metal honeycomb structure. The different 
thickness results in a difference between the number of cells included 

20 in the first reaction unit 80 and the number of cells included in the 
second reaction unit 81. The first reaction unit 80 has the 
honeycomb structure formed by the stainless steel plates 82 and 83 of 
0.1 mm in thickness, whereas the second reaction unit 81 has the 
honeycomb structure formed by the stainless steel plates 82 and 83 of 

25 0.03 mm in thickness. Namely the first reaction unit 80 includes 
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about 75 cells per 1 cm2 of the cross section, and the second reaction 
unit 81 includes about 91 cells per 1 cm2 of the cross section. The 
reformer unit 34 has a fixed cross section. The honeycomb structures 
composed of the stainless steel plates of different thicknesses 
5 accordingly make the total sectional area of the gas flow path in the 
first reaction unit 80 (that is, the sum of the cross sections of the 
respective cells included in the first reaction unit 80) smaller than the 
total sectional area of the gas flow path in the second reaction unit 81 

; k Q (that is, the sum of the cross sections of the respective cells included 

fU 10 in the second reaction unit 80). 

=£j The catalyst is respectively carried on the surface of the 

- y honeycomb structures of the first reaction unit 80 and the second 
:"f reaction unit 82. The flow of the crude fuel gas passing through the 
4 surface of the honeycomb structures is subjected to the steam 
fTl5 reforming reaction and the oxidation reaction to produce a hydrogen 
rich gaseous fuel. In this embodiment, the catalyst carried on the 
surface of the honeycomb structure is manufactured from copper and 
zinc oxide by coprecipitation. The Cu-Zn catalyst obtained by 
coprecipitation is crushed, is mixed with a binder like an alumina sol, 
20 and is carried on the surface of the honeycomb, for example, by 
application. 

The flow of the crude fuel gas fed to the reformer unit 34 
constructed as discussed above first passes through the first reaction 
unit 80 having the less number of cells, that is, having the smaller 
25 total sectional area of the gas flow path, and then the second reaction 
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unit 81 having the greater number of cells, that is, having the greater 
total sectional area of the gas flow path. Since the preset flow rate of 
the crude fuel gas passes through the honeycomb structure having the 
smaller total sectional area of the gas flow path and the honeycomb 
5 structure having the greater total sectional area of the gas flow path 
in this sequence, the flow velocity of the crude fuel gas is higher in the 
first reaction unit 80 of the reformer unit 34 than in the second 
reaction unit 81. 

In the reformer unit 34 of the first embodiment, the higher flow 

10 velocity of the crude fuel gas on the upstream side effectively prevents 
an abrupt temperature rise on the upstream side and substantially 
keeps the temperature distribution in the whole reformer unit 34 in 
the temperature range of 250 to 300°C, which is suitable for the 
reforming reaction. Fig. 5 is a graph showing the internal 

15 temperature distributions along the flow of the gas with regard to the 
reformer unit 34 of this embodiment and a prior art reformer unit 
having a fixed cross section of the honeycomb structure. As 
described previously, the oxidation reaction has the higher reaction 
rate than the steam reforming reaction. In the prior art reformer 

20 unit, the oxidation reaction vigorously proceeds in the vicinity of the 
inlet of the crude fuel gas. This raises the temperature to 
approximately 400°C in the neighborhood of the inlet. In the 
reformer unit 34 of this embodiment, on the other hand, the crude fuel 
gas has the high flow velocity on the upstream side, so that the heat 

25 produced by the oxidation reaction proceeding on the upstream side is 
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quickly transmitted to the downstream portion by the fast flow of the 
gas. The higher flow velocity of the crude fuel gas on the upstream 
side prevents the oxidation reaction from being completed in a narrow 
area on the upstream side but extends the area of the vigorous 
5 oxidation reaction to the lower stream portion. This effectively 
prevents an abrupt temperature rise in the neighborhood of the inlet. 
The first reaction unit 80 disposed on the upper stream side has the 
honeycomb structure formed by the thick stainless steel plates and 
accordingly has a large heat capacity. The heat generated by the 
10 oxidation reaction thus tends to be transmitted to the lower stream 
portion by the flow of the gas, prior to be transmitted to the 
honeycomb structure and increase the temperature of the honeycomb 
structure. 

In the reformer unit 34 of this embodiment, there is no abrupt 
15 temperature rise in the vicinity of the inlet. This advantageously 

prevents the potential troubles due to the temperature rise, for 

example, deterioration of the catalyst and formation of by-products. 

The reduced deterioration of the catalyst significantly improves the 

durability of the reformer unit. The reformer unit 34 of this 
20 embodiment is durable over 5000 hours, whereas the prior art 

reformer unit whose temperature distribution is shown in Fig. 5 has 

the duration of approximately 200 hours. 

As described above, in the reformer unit 34 of this embodiment, 

the area of the vigorous oxidation reaction is extended to the lower 
25 stream portion, and the heat produced by the oxidation reaction 
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proceeding on the upper stream side is quickly transmitted to the 
lower stream portion. Unlike the prior art reformer unit, there is 
accordingly no excessive temperature drop in the downstream portion 
of the reformer unit 34. Namely the lower stream portion of the 
5 reformer unit 34 is kept in the highly active state of the steam 
reforming reaction. This ensures the sufficient utilization of the 
catalyst present on the lower stream side and enhances the rate of the 
steam reforming reaction. The enhanced activity of the steam 
reforming reaction on the downstream side enables size reduction of 

10 the reformer unit. 

The reformer unit 34 of the first embodiment discussed above 
has the metal honeycomb structure. A ceramic honeycomb may, 
however, be applicable for the reformer unit. The ceramic 
honeycomb structure is described below as a modified example of the 

15 first embodiment. Like the reformer unit 34 of the first embodiment, 
the reformer unit of the modified example has the first reaction unit 
80 and the second reaction unit 81. Fig. 6 schematically illustrates 
the cross sections of the first reaction unit 80 and the second reaction 
unit 81 of the ceramic honeycomb structure. Fig. 6(A) shows an 

20 example of the first reaction unit 80 of the ceramic honeycomb 
structure. Fig. 6(B) shows another example of the first reaction unit 
80 of the ceramic honeycomb structure. Fig. 6(C) shows an example 
of the second reaction unit 81 of the ceramic honeycomb structure. 

The example of Fig. 6(A) reduces the cross section of each cell 

25 included in the honeycomb structure and the example of Fig. 6(B) 
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reduces the total number of cells included in the honeycomb structure, 
in order to reduce the total sectional area of the gas flow conduit 
compared with the honeycomb structure shown in Fig. 6(C). The 
reformer unit 34 constructed by combining the first reaction unit 80 
5 having the structure of either Fig. 6(A) or Fig. 6(B) with the second 
reaction unit 81 shown in Fig. 6(C) exerts the similar effects to those 
discussed in the first embodiment. 

In the embodiment discussed above, the reformer unit 34 is 
divided into the two internal sections, that is, the first reaction unit 

10 80 and the second reaction unit 81, and the flow velocity of the crude 
fuel gas in the former section is made different from that in the latter 
section. The reformer unit may alternatively be divided into three or 
more internal sections. In this case, the arrangement of making the 
flow velocity of the gas higher on the upper stream side than on the 

15 lower stream side ensures the similar effects to those discussed in the 
above embodiment. 

In the embodiment discussed above, the total sectional area of 
the gas flow conduit on the upper stream side is made smaller than 
the total sectional area on the lower stream side by reducing the 

20 number of cells per unit cross section or by reducing the cross section 
of each cell in the honeycomb structure arranged on the upper stream 
side of the reformer unit. Other than the structures discussed above, 
the structure of expanding the sectional area in the reformer unit 
along the flow of the gas may be applied to make the flow velocity of 

25 the gas higher on the upper stream side than on the lower stream side 
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in the reformer unit. Fig. 7 illustrates a reformer unit 34A having 
such a structure. The reformer unit 34A has three honeycombs 
having different total sectional areas. The honeycomb structure 
located on the upper stream side has the smaller total sectional area. 
5 This arrangement also makes the flow velocity of the gas higher on 
the upper stream side than on the lower stream side, thus ensuring 
the similar effects to those discussed in the above embodiment. The 
internal temperature distribution of the reformer unit 34A is shown in 
the graph of Fig. 5. In the arrangement of gradually expanding the 

10 total sectional area in the reformer unit like the reformer unit 34A, it 
is not necessary to vary the number of cells per unit cross section or to 
vary the cross section of each cell. This arrangement is not 
restricted to the three sections, but the reformer unit may have any 
plural number of sections having different total sectional areas to 

15 exert the above effects, as long as the total sectional area of the flow 
conduit gradually expands along the flow of the gas. 

Another structure applied to actively transmit the heat 
generated by the oxidation reaction proceeding on the upstream side 
of the reformer unit to the lower stream portion makes the catalyst for 

20 accelerating the steam reforming reaction and the oxidation reaction 
carried on a carrier that is mainly composed of a material having a 
relatively high thermal conductivity. This structure is described 
below as a second embodiment. Fig. 8 schematically illustrates the 
structure of a reformer unit 90 in the second embodiment. The 

25 reformer unit 90 of the second embodiment is included in a fuel cells 
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system having a similar structure to that of the fuel cells system 20 
shown in Fig. 1. As shown in Fig. 8, the reformer unit 90 has a single 
reaction unit 92 of a honeycomb structure. Fig. 9(A) is a sectional 
view schematically illustrating part of the honeycomb structure of the 
5 reaction unit 92. Fig. 9(B) is an enlarged view schematically 
illustrating part of the surface of the honeycomb structure shown in 
Fig. 9(A) (that is, an encircled area B in Fig. 9(A)). 

Like the reformer unit 34 of the first embodiment, the reformer 
unit 90 of this embodiment is composed of a metal honeycomb. In 

10 this embodiment, a stainless steel plate 94 having a thickness of 0.05 
mm is used for the honeycomb structure. A catalytic layer 96 having 
a thickness of approximately 0.05 mm and containing a catalyst for 
accelerating the steam reforming reaction and the oxidation reaction 
is formed on the surface of the stainless steel plate 94. In the 

15 catalytic layer 96, copper molecules and zinc oxide molecules, which 
form the Cu-Zn catalyst, are dispersed and carried in a binder having 
a high thermal conductivity. 

The following describes the method of preparing the catalytic 
layer 96. The process first prepares CuOZnO powder as the catalyst 

20 material by the known coprecipitation technique, and mixes 5% of an 
alumina sol as a binder and a material having the higher thermal 
conductivity than aluminum oxide with the CuOZnO powder. 
Available examples of the material having the higher thermal 
conductivity include nitrides, for example, aluminum nitride (A1N) 

25 and titanium nitride (TiN), carbides, for example, silicon carbide (SiC) 
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and boron carbide (B4C), and graphite. The preferable load ranges 
from 5 to 30%. Among these materials having the high thermal 
conductivity, A1N, SiC ? and graphite respectively show the thermal 
conductivities of 0.07 cal/cm/s/°C, 0.1 cal/cm/s/°C, and 0.301 
5 cal/cm/s/°C, which are all higher than the thermal conductivity of 
aluminum oxide conventionally used (0.02 cal/cm/s/°C). 

The process then adds water to the mixture, grinds and blends 
the mixture with a ball mill, applies the ground mixture onto the 
stainless steel plate 94, and causes the stainless steel plate 94 with 

10 the mixture thereon to undergo the heating process and the reduction 
process. This procedure produces the Cu"Zn catalyst mainly 
consisting of copper molecules and zinc oxide molecules from the 
catalyst material. The Cu-Zn catalyst is dispersed and carried in the 
binder containing the material having the high thermal conductivity 

15 to form the catalytic layer 96. 

The reformer unit 90 of the above configuration is applied to 
the fuel cells system 20. When a supply of the crude fuel gas is flown 
into the reformer unit 90, the oxidation reaction vigorously proceeds 
to generate a large quantity of heat on the upstream side receiving the 

20 supply of oxygen as described previously. The heat generated by the 
oxidation reaction is not only utilized for the steam reforming reaction 
proceeding on the upper stream side but quickly transmitted through 
the binder containing the material having the high thermal 
conductivity. Part of the heat transmitted through the binder is 

25 further transmitted to the honeycomb base member composed of 
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stainless steel having the high thermal conductivity. The heat 
transmitted to the honeycomb base member of stainless steel passes 
through the honeycomb base member to the lower stream portion. 
The residual heat not transmitted to the honeycomb base member 
5 passes through the binder to the lower stream portion. The heat is 
transmitted to the lower stream side in the reformer unit 90 in this 
manner and is utilized for the steam reforming reaction proceeding on 
the lower stream side. 

In the reformer unit 90 of this embodiment, the catalyst is 

10 carried in the binder having the high thermal conductivity, so that the 
heat generated by the oxidation reaction on the upstream side is 
quickly transmitted to the lower stream portion to prevent an abrupt 
temperature rise on the upstream side. Fig. 10 is a graph showing 
the internal temperature distributions along the flow of the gas with 

15 regard to the reformer unit 90 of this embodiment and a prior art 
reformer unit using a binder that does not contain the material 
having the high thermal conductivity. Unlike the prior art reformer 
unit, in the reformer unit 90 of this embodiment, the heat generated 
by the oxidation reaction proceeding on the upstream side is quickly 

20 transmitted to the lower stream portion. There is accordingly no 
abrupt temperature rise on the upper stream side, and the internal 
temperature of the reformer unit is favorably kept in the temperature 
range of 250 to 300°C. In the reformer unit 90 of this embodiment, 
there is no abrupt temperature rise in the vicinity of the inlet. This 

25 advantageously prevents the potential troubles due to the 
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temperature rise, for example, deterioration of the catalyst and 
formation of by-products. The reduced deterioration of the catalyst 
significantly improves the durability of the reformer unit. The 
reformer unit 90 of this embodiment is durable over 5000 hours ? 
5 whereas the prior art reformer unit whose temperature distribution is 
shown in Fig, 10 has the duration of approximately 200 hours* 

As described above, in the reformer unit 90 of this embodiment, 
the heat produced by the oxidation reaction proceeding on the upper 
stream side is quickly transmitted to the lower stream portion. 

10 Unlike the prior art reformer unit, there is accordingly no excessive 
temperature drop in the downstream portion of the reformer unit 90. 
Namely the lower stream portion of the reformer unit 90 is kept in the 
highly active state of the steam reforming reaction. This ensures the 
sufficient utilization of the catalyst present on the lower stream side 

15 and enhances the rate of the steam reforming reaction. This 
arrangement enables size reduction of the reformer unit. 

In the structure of the second embodiment, the catalytic layer 
96 using the binder that contains the material having the high 
thermal conductivity is formed on the honeycomb base member made 

20 of the stainless steel plate having the excellent thermal conductivity. 
Both the catalytic layer 96 and the stainless steel plate 94 conduct 
heat from the upper stream side to the lower stream side. This 
effectively attains the high efficiency of heat conduction. In one 
modified structure, the catalytic layer 96 may be formed on the 

25 ceramic honeycomb base member. In another modified structure, the 



59 



catalyst may be mixed with a binder having the high thermal 
conductivity, formed to pellets, and packed into the reformer unit. 
These modified structures also assure the effects caused by the 
enhanced thermal conductivity from the upper stream side to the 
5 lower stream side. 

The structure of suppressing the activity of the oxidation 
reaction on the upper stream side by making the existing quantity of 
the catalyst carried on the upper stream side smaller than that 
carried on the lower stream side in the reformer unit is described 

10 below as a third embodiment. Fig. 11 schematically illustrates the 
structure of a reformer unit 100 in the third embodiment. The 
reformer unit 100 of the third embodiment is included in a fuel cells 
system having a similar structure to that of the fuel cells system 20 
shown in Fig. 1. As shown in Fig. 11, the reformer unit 100 has a 

15 first reaction unit 101 and a second reaction unit 102. The first 
reaction unit 101 and the second reaction unit 102 have the 
honeycomb structures of a similar shape. The Cu~Zn catalyst is 
carried on the surface of the honeycomb structure as discussed in the 
above embodiments. The quantity of the catalyst carried on the 

20 honeycomb structure of the second reaction unit 102 is greater than 
that carried on the honeycomb structure of the first reaction unit 101. 
The first reaction unit 101 has the Cu-Zn catalyst carried thereon at 
the rate of 50 g/1 (the quantity of the catalyst per unit volume of the 
honeycomb), whereas the second reaction unit 102 has the Cu-Zn 

25 catalyst carried thereon at the rate of 180 g/L 
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In the reformer unit 100 of the above configuration, since the 
first reaction unit 101 on the upper stream side has a smaller 
quantity of the catalyst carried thereon, the progress of the oxidation 
reaction is suppressed on the side receiving the supply of the crude 
5 fuel gas and the supply of the air. This arrangement prevents the 
oxidation reaction from abruptly proceeding on the upper stream side 
of the reformer unit but extends the area of the vigorous oxidation 
reaction to the lower stream portion. This effectively prevents an 
abrupt temperature rise on the upper stream side. 

10 Fig. 12 is a graph showing the internal temperature 

distributions along the flow of the gas with regard to the reformer 
unit 100 of this embodiment and a prior art reformer unit of the 
honeycomb structures that have an identical quantity of the catalyst 
carried both on the upper stream side and on the lower stream side. 

15 Unlike the prior art reformer unit, in the reformer unit 100 of this 
embodiment, the progress of the oxidation reaction is suppressed on 
the upper stream side. There is accordingly no abrupt temperature 
rise on the upper stream side, and the internal temperature of the 
reformer unit is favorably kept in the temperature range of 250 to 

20 300°C. In the reformer unit 100 of this embodiment, there is no 
abrupt temperature rise in the vicinity of the inlet. This 
advantageously prevents the potential troubles due to the 
temperature rise, for example, deterioration of the catalyst and 
formation of by-products. The reduced deterioration of the catalyst 

25 significantly improves the durability of the reformer unit. The 
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reformer unit 100 of this embodiment is durable over 5000 hours, 
whereas the prior art reformer unit whose temperature distribution is 
shown in Fig. 12 has the duration of approximately 200 hours. 

As described above, in the reformer unit 100 of this 
5 embodiment, the area of the vigorous progress of the exothermic 
oxidation reaction is extended to the lower stream portion. Unlike 
the prior art reformer unit, there is accordingly no excessive 
temperature drop in the downstream portion of the reformer unit 100. 
Namely the lower stream portion of the reformer unit 100 is kept in 

10 the highly active state of the steam reforming reaction. This ensures 
the sufficient utilization of the catalyst present on the lower stream 
side and enhances the rate of the steam reforming reaction. This 
arrangement enables size reduction of the reformer unit. 

In the structure of the third embodiment, the quantity of the 

15 catalyst carried on the reformer unit 100 is varied in two stages. The 
quantity of the catalyst may, however, be varied in three or more 
stages. The effects discussed above are attained by reducing the 
quantity of the catalyst carried on the upper stream side. The 
arrangement of making the smaller quantity of the catalyst carried on 

20 the upper stream side and regulating the number of the stages in 
which the quantity of the catalyst is varied enables the further 
homogenization of the internal temperature of the reformer unit and 
enhances the effects discussed above. 

In the structure of the third embodiment, the steam reforming 

25 reaction and the oxidation reaction are accelerated by the identical 
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CirZn catalyst. In a modified structure, the steam reforming 
reaction and the oxidation reaction may be accelerated by different 
catalyst. In the latter case, the arrangement reduces only the 
quantity of the catalyst for accelerating the oxidation reaction on the 
5 upper stream side, instead of varying the total quantity of the 
catalysts between the upper stream side and the lower stream side. 

The structure of lowering the concentration of oxygen included 
in the gas supplied to the reformer unit to suppress the activity of the 
oxidation reaction on the upper stream side and increasing the flow 

10 velocity of the gas supply to transmit the heat generated by the 
oxidation reaction on the upper stream side to the lower stream 
portion is described as a fourth embodiment. Fig. 13 schematically 
illustrates the structure of a reformer unit 110 in the fourth 
embodiment. The reformer unit 110 of the fourth embodiment is 

15 included in a fuel cells system having a similar structure to that of the 
fuel cells system 20 shown in Fig. 1 except some differences. In the 
following description, the like numerals denote the like constituents. 

In the structure of the embodiment discussed above, the air 
supply conduit 39, through which the air is fed from the blower 38 to 

20 the reformer unit, joins the second fuel supply conduit 64. The crude 
fuel gas is accordingly mixed with the air before being supplied to the 
reformer unit. In the fuel cells system including the reformer unit 
110 of the fourth embodiment, on the other hand, the air supply 
conduit 39 is directly connected to the reformer unit 110. In the fuel 

25 cells system including the reformer unit 110 of this embodiment, the 
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oxidizing gas exhaust discharged from the fuel cells 40 to the 
oxidizing gas exhaust conduit 69 is also flown into the reformer unit 
110, together with the air taken in by the blower 38. The normal air 
contains oxygen of approximately 20%. Since a certain amount of 
5 oxygen is consumed by the electrochemical reactions in the fuel cells, 
the oxidizing gas exhaust discharged from the fuel cells has the less 
content of oxygen than the air. The concentration of oxygen included 
in the oxidizing gas exhaust depends upon the excess ratio of oxygen 
(that is, the ratio of the quantity of oxygen included in the air actually 

10 supplied to the quantity of oxygen theoretically required) in the 
oxidizing gas supplied to the fuel cells. In the fuel cells system of 
this embodiment, the concentration of oxygen included in the 
oxidizing gas exhaust is approximately 10%. The mixed supply of the 
air and the oxidizing gas exhaust to the reformer unit 110 thus 

15 enables the concentration of oxygen supplied to the reformer unit 110 
to be regulated in the range of approximately 10% to approximately 
20%. 

The structure of the reformer unit 110 is described in detail 
with referring to Fig. 13. The reformer unit 110 includes a single 

20 reaction unit 111 of the honeycomb structure that has the Cu~Zn 
catalyst carried on the surface thereof. The air supply conduit 39 
joins the oxidizing gas exhaust conduit 69 to form a second air supply 
conduit 115. The gaseous mixture of the air and the oxidizing gas 
exhaust (hereinafter referred to as the air mixture) flows through the 

25 second air supply conduit 115 and is supplied to the upper stream side 
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of the reformer unit 110, which receives the supply of the crude fuel 
gas flown through the second fuel supply conduit 64. A mass flow 
controller 112 is provided in the air supply conduit 39 at a specific 
position in the vicinity of the meeting point to the second air supply 
5 conduit 115, and regulates the quantity of the air flown to the second 
air supply conduit 115. In a similar manner, a mass flow controller 
113 is provided in the oxidizing gas exhaust conduit 69 at a specific 
position in the vicinity of the meeting point to the second air supply 
conduit 115, and regulates the quantity of the oxidizing gas exhaust 

10 flown to the second air supply conduit 115. These mass flow 
controllers 112 and 113 are connected to the control unit 50 described 
previously. The control unit 50 regulates the mixing ratio of the air 
supplied through the air supply conduit 39 to the oxidizing gas 
exhaust supplied through the oxidizing gas exhaust conduit 69. An 

15 oxygen concentration sensor 114 is disposed in the second air supply 
conduit 115. The oxygen concentration sensor 114 is also connected 
to the control unit 50. Information regarding the concentration of 
oxygen included in the air mixture is input into the control unit 50. 
A temperature sensor 117 is disposed in the reaction unit 111 at a 

20 predetermined position apart from the upstream end thereof. The 
temperature sensor 117 is also connected to the control unit 50. 
Information regarding the temperature in the reaction unit 111 is 
input into the control unit 50. 

The arrangement of this embodiment lowers the concentration 

25 of oxygen included in the oxygen-containing air mixture supplied to 
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the reformer unit 110, while enhancing the flow velocity of the gas 
flowing through the reaction unit 111. This arrangement effectively 
prevents an abrupt temperature rise on the upper stream side of the 
reformer unit 110. The lowered concentration of oxygen included in 
5 the air mixture supplied to the reformer unit 110 lowers the 
concentration of oxygen included in the gas flowing through the inside 
of the reaction unit 111 and suppresses the activity of the oxidation 
reaction on the upper stream side, thus preventing an abrupt 
temperature rise on the upper stream side. The lowered 

10 concentration of oxygen included in the oxygen-containing air mixture 
increases the flow rate of the air mixture supplied to the reaction unit 
111 and thereby enhances the flow velocity of the gas flowing through 
the inside of the reaction unit 111. This arrangement enables oxygen 
to be carried to the lower stream portion before oxygen is used up by 

15 the oxidation reaction proceeding on the upstream side and 
accordingly extends the area of the vigorous oxidation reaction to the 
lower stream portion. The enhanced flow velocity of the gas flowing 
through the inside of the reaction unit 111 enables the heat evolved by 
the oxidation reaction proceeding on the upstream side to be quickly 

20 transmitted to the lower stream portion and thus effectively prevents 
an excessive temperature rise on the upper stream side of the reaction 
unit. 

Fig. 14 is a flowchart showing an air load regulation routine 
executed in the fuel cells system including the reformer unit 110 of 
25 this embodiment. In the fuel cells system including the reformer 
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unit 110, when it is determined that the internal temperature of the 
reformer unit 110 sufficiently rises to the stationary state after an 
operation of a non-illustrated start switch to give an instruction of 
starting the fuel cells system, this routine is repeatedly executed at 
5 predetermined time intervals. 

When the program enters this routine, the CPU 54 first reads 
the quantity of methanol included in the crude fuel gas supplied to the 
reformer unit 110, based on the driving amount of the second pump 71 
disposed in the methanol flow conduit 60 (step S200). The CPU 54 

10 subsequently calculates the quantity of oxygen to be supplied to the 
reformer unit 110 corresponding to the input quantity of methanol 
and drives the mass flow controllers 112 and 113 to enable a supply of 
the required quantity of oxygen (step S210). The specification of the 
quantity of methanol supplied to the reformer unit determines the 

15 quantity of oxygen required to make the amount of heat required for 
the steam reforming reaction balance the amount of heat evolved by 
the oxidation reaction. The mass flow controllers 112 and 113 are 
accordingly driven to supply the air containing the calculated 
quantity of oxygen to the reformer unit 110. The driving amount of 

20 each mass flow controller to supply the required quantity of oxygen is 
set in advance as a reference driving amount corresponding to each 
quantity of oxygen supply and is stored in the control unit 50. 

After driving the mass flow controllers 112 and 113 to start a 
supply of the air mixture containing the required quantity of oxygen 

25 to the reformer unit 110, the CPU 54 reads an internal temperature 



67 



Tl on the upstream side of the reaction unit 111 from the temperature 
sensor 117 (step S220). The internal temperature Tl is then 
compared with a predetermined reference temperature Ta (step S230). 
The predetermined reference temperature Ta is set in advance as an 
5 upper limit of the internal temperature Tl on the upstream side and 
is stored in the control unit 50. In this embodiment, the 
predetermined reference temperature Ta is set equal to 300°C. 

In the case where the observed internal temperature Tl on the 
upper stream side is lower than the predetermined reference 

10 temperature Ta at step S230, it is determined that the internal 
temperature Tl on the upstream side of the reaction unit 111 is a 
sufficiently low level. The program then exits from this routine. In 
the case where the observed internal temperature Tl on the upper 
stream side is not lower than the predetermined reference 

15 temperature Ta, on the other hand, the CPU 54 decreases the driving 
amount of the mass flow controller 112 while increasing the driving 
amount of he mass flow controller 113. This increases the fraction of 
the oxidizing gas exhaust included in the air mixture supplied to the 
reformer unit 110 without changing the flow rate of oxygen supply per 

20 unit time (step S240). The technique of this embodiment sets in 
advance a minimum unit of variation with regard to the fraction of the 
oxidizing gas exhaust, that is, with regard to the concentration of 
oxygen included in the air mixture supplied to the reformer unit 110. 
The procedure of step S240 lowers the concentration of oxygen by 

25 every minimum unit of variation. Another applicable procedure may 
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regulate the fraction of the oxidizing gas exhaust according to the 
difference between the internal temperature Tl and the 
predetermined reference temperature Ta. The increased fraction of 
the oxidizing gas exhaust lowers the total concentration of oxygen 
5 included in the gas supplied to the reformer unit 110, thus 
suppressing the oxidation reaction proceeding on the upper stream 
side. The increased fraction of the oxidizing gas exhaust without 
changing the flow rate of oxygen supply per unit time increases the 
flow rate of the air mixture supplied to the reformer unit 110 and 

10 enhances the flow velocity of the gas passing through the inside of the 
reformer unit 110. This enables the heat evolved by the oxidation 
reaction proceeding on the upstream side to be more quickly 
transmitted to the lower stream portion. Namely the execution of 
the processing at step S240 effectively lowers the internal 

15 temperature Tl on the upper stream side of the reaction unit 111. 

After varying the fraction of the oxidizing gas exhaust at step 
S240, the program returns to the series of processing of and after step 
S220 to read the observed internal temperature Tl and compare the 
internal temperature Tl with the predetermined reference 

20 temperature Ta. When the internal temperature Tl is lower than the 
predetermined reference temperature Ta at step S230, it is 
determined that the fraction of the oxidizing gas exhaust included in 
the air mixture supplied to the reformer unit 110 is an adequate level 
and that the internal temperature Tl on the upper stream side of the 

25 reaction unit 111 is a sufficiently low level. The program then exits 
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from this routine. 

In the fuel cells system including the reformer unit 110 of this 
embodiment, the oxygen concentration sensor 114 is disposed in the 
second air supply conduit 115 as described above. The concentration 
5 of oxygen included in the air mixture supplied to the reformer unit 
110 is corrected, based on the measurement of the oxygen 
concentration sensor 114. In accordance with a concrete procedure, 
when the mass flow controllers are driven either at step S210 or at 
step S240 in the air load regulation routine, the concentration of 

10 oxygen included in the air mixture supplied to the reformer unit 110 is 
measured with the oxygen concentration sensor 114. The driving 
amounts of the mass flow controllers are corrected, based on the 
result of the measurement. 

The fuel cells system including the reformer unit 110 of the 

15 fourth embodiment thus constructed regulates the concentration of 
oxygen included in the air mixture supplied to the reformer unit 110. 
The decrease in concentration of oxygen included in the air mixture 
effectively suppresses the progress of the oxidation reaction on the 
feeding side that receives the supply of the crude fuel gas and the 

20 supply of the air mixture. This prevents an abrupt temperature rise 
on the upper stream side. The arrangement of lowering the 
concentration of oxygen included in the air mixture while keeping a 
fixed quantity of oxygen supply per unit time to the reformer unit 110 
increases the flow rate of the air mixture and enhances the flow 

25 velocity of the gas flowing through the inside of the reaction unit 111. 
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This enables the heat produced by the oxidation reaction proceeding 
on the upstream side to be quickly transmitted to the lower stream 
portion, thus preventing an excessive temperature rise on the upper 
stream side. 

5 The suppressed oxidation reaction on the upper stream side 

extends the area of the vigorous oxidation reaction to the lower 
stream portion. Unlike the prior art reformer unit, there is 
accordingly no excessive temperature drop in the downstream portion 
of the reformer unit 110. The enhanced flow velocity of the gas 

10 flowing through the inside of the reaction unit 111 enables the heat 
evolved on the upstream side to be quickly transmitted to the lower 
stream portion. This also contributes to prevention of a temperature 
drop in the lower stream portion. Namely the lower stream portion 
of the reformer unit 110 is kept in the highly active state of the steam 

15 reforming reaction. This ensures the sufficient utilization of the 
catalyst present on the lower stream side and enhances the rate of the 
steam reforming reaction. This arrangement enables size reduction 
of the reformer unit. 

The arrangement of the fourth embodiment specifies the 

20 quantity of methanol included in the crude fuel gas supplied to the 
reformer unit 110 based on the driving amount of the second pump 71 
disposed in the methanol flow conduit 60, and determines whether or 
not the oxidation reaction excessively proceeds on the upper stream 
side based on the result of the measurement of the temperature sensor 

25 117. The specification of the quantity of methanol supplied to the 
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reformer unit 110 and the determination regarding the progress of the 
oxidation reaction and the steam reforming reaction in the reformer 
unit 110 may be carried out by utilizing the results of measurements 
other than those mentioned above or in addition to those mentioned 
5 above. For example, a sensor that analyzes a component of the gas 
flowing through the third fuel supply conduit 65 may be disposed in 
the third fuel supply conduit 65, in order to determine the progress of 
the steam reforming reaction and the oxidation reaction in the 
reformer unit 110. The sensor measures the quantity of, for example, 

10 methanol, hydrogen, carbon dioxide, or oxygen included in the 
gaseous fuel discharged from the reformer unit 110. The progress of 
the steam reforming reaction and the oxidation reaction in the 
reformer unit 110 may be determined by additionally utilizing the 
results of this measurement. 

15 In the structure of the fourth embodiment, the air mixture is 

supplied only to the upstream side of the reformer unit 110. Another 
preferable structure feeds the supply of the air mixture to a plurality 
of different places. This structure is described below as a modified 
example of the fourth embodiment. Fig. 15 schematically illustrates 

20 the structure of a reformer unit 110A in the modified example of the 
fourth embodiment. The reformer unit 110A includes two reaction 
units 111A and 111B, each receiving a supply of the air mixture. The 
flow of the crude fuel gas supplied to the reformer unit 110A passes 
through the reaction units 111A and 111B in this sequence. The air 

25 supply conduit 39 and the oxidizing gas exhaust conduit 69, through 
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which the air and the oxidizing gas exhaust are flown into the 
reformer unit 110A, respectively branch off to air branch paths 39A 
and 39B and to oxidizing gas exhaust branch paths 69A and 69B. 
The air branch path 39A joins the oxidizing gas exhaust branch path 
5 69A to form a second air supply conduit 115A, through which the air 
mixture is supplied to the reaction unit 111A on the upper stream side. 
The air branch path 39B, on the other hand, joins the oxidizing gas 
exhaust branch path 69B to form a second air supply conduit 115B, 
through which the air mixture is supplied to the reaction unit 111B on 

10 the lower stream side. In the same manner as discussed in the 
fourth embodiment, the flow rates and the concentrations of oxygen 
included in the supplies of the air mixture to the respective reaction 
units are regulated by adjusting the driving amounts of mass flow 
controllers 112A, 112B, 113A, and 113B, based on the quantity of 

15 methanol supplied to the reformer unit 110A and the temperatures on 
the upper stream side of the respective reaction units. 

The reformer unit 110A of this configuration supplies the air 
mixture in a divisional manner and decreases the quantity of oxygen 
included in each supply of the gas, thus more effectively preventing a 

20 local excessive temperature rise. The reformer unit is divided into 
the plurality of reaction units, and the supply of the air mixture is 
flown into each reaction unit. This regulates the temperature 
distribution in the reformer unit with the higher accuracy and enables 
the inside of the reformer unit to be more readily kept in the desirable 

25 temperature range. 
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Fig. 16 is a graph showing the internal temperature 
distributions along the flow of the gas with regard to the reformer 
unit 110A described above and a prior art reformer unit that receives 
a supply of the normal air as an oxygen source required for the 
5 oxidation reaction. Unlike the prior art reformer unit, in the 
reformer unit 110A, the progress of the oxidation reaction on the 
upstream side is suppressed. There is accordingly no abrupt 
temperature rise on the upper stream side, and the internal 
temperature of the reformer unit is favorably kept in the temperature 

10 range of 250 to 300°C. As described above, in the reformer units 110 
and 110A of this embodiment, there is no abrupt temperature rise in 
the vicinity of the inlet. This advantageously prevents the potential 
troubles due to the temperature rise, for example, deterioration of the 
catalyst and formation of by-products. Like the embodiments 

15 discussed above, this arrangement significantly improves the 
durability of the reformer unit. 

The reformer units 110 and 110A of this embodiment have the 
reaction units of the honeycomb structures. In a modified structure, 
the reformer unit may be filled with pellets with the catalyst carried 

20 thereon. This modified structure also exerts the similar effects by 
regulating the concentration of oxygen included in the air mixture 
supplied to the reformer unit as the oxygen source required for the 
oxidation reaction. 

The third and the fourth embodiments discussed above 

25 suppress the activity of the oxidation reaction proceeding on the 
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upper stream side of the reformer unit, in order to prevent an abrupt 
temperature rise on the upper stream side. In accordance with 
another possible structure, the area of the vigorous oxidation reaction 
and the area of the inactive oxidation reaction are changeable in the 
5 catalytic section. This arrangement varies the area of heat evolution 
and thus prevents a local excessive temperature rise. The reformer 
unit of such structure, in which the inlet receiving the supplies of the 
crude fuel gas and oxygen is changeable with the outlet outputting the 
hydrogen rich gaseous fuel, is described below as a fifth embodiment. 

10 Fig. 17 schematically illustrates the structure of a reformer 

unit 120 in the fifth embodiment. The reformer unit 120 of the fifth 
embodiment is included in a fuel cells system having a similar 
structure to that of the fuel cells system 20 shown in Fig. 1. As 
shown in Fig. 17, the reformer unit 120 has a single reaction unit 121 

15 of a honeycomb structure with the Cu-Zn catalyst carried on the 
surface thereof. The reaction unit 121 has temperature sensors 122 
and 123 that measure the internal temperature at both ends of the 
reaction unit 121. These temperature sensors are connected to the 
control unit 50. Pieces of information regarding the internal 

20 temperature at both ends of the reaction unit 121 are input into the 
control unit 50. 

In the structure of this embodiment, the second fuel supply 
conduit 64 branches off to a first supply branch path 124 and a second 
supply branch path 125, which are connected to the respective ends of 
25 the reformer unit 120. One end of the reformer unit 120 connects 
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with a first discharge branch path 126 as well as with the first supply- 
branch path 124. The other end of the reformer unit 120 connects 
with a second discharge branch path 127 as well as with the second 
supply branch path 125. The first discharge branch path 126 joins 
5 the second discharge branch path 127 to form the third fuel supply 
conduit 65, which leads to the CO reduction unit 36. Solenoid valves 
128, 129, 128A, and 129A are respectively provided in the first supply 
branch path 124, the second supply branch path 125, the first 
discharge branch path 126, and the second discharge branch path 127. 

10 These solenoid valves 128, 129, 128A, and 129A are connected to the 
control unit 50, which control the on-off state of these solenoid valves. 

In the reformer unit 120 of this structure, the on-off state of 
the solenoid valves is changeable between a first state, in which the 
solenoid valves 128 and 128A are in ON position and the solenoid 

15 valves 129 and 129A are in OFF position, and a second state, in which 
the solenoid valves 129 and 129A are in ON position and the solenoid 
valves 128 and 128A are in OFF position. When the on-off state of 
the solenoid valves is in the first state, the supply of the crude fuel 
gas flown from the second fuel supply conduit 64 passes through the 

20 reaction unit 121 from left to right in the drawing of Fig. 13. When 
the on-off state of the solenoid valves is in the second state, on the 
other hand, the supply of the crude fuel gas passes through the 
reaction unit 121 from right to left in the drawing of Fig. 13. 

Fig. 18 is a flowchart showing a gas inlet changeover routine 

25 executed in the fuel cells system 20 to change over the inlet of the gas 



76 



in the reformer unit 120. When a non-illustrated start switch is 
operated to give an instruction of starting the fuel cells system 20, 
this routine is repeatedly executed at predetermined time intervals 

When the program enters this routine, the CPU 54 first 
5 determines whether or not the on-off state of the solenoid valves is in 
the first state (step S300). In the case of the first state, the CPU 54 
reads an internal temperature Tl at the upper stream end, which 
receives the supply of the gas, from the temperature sensor 122 (step 
S310). The observed internal temperature Tl is compared with a 

10 predetermined reference temperature TO (step S320). The 
predetermined reference temperature TO is set in advance as a 
criterion showing that the internal temperature of the reaction unit 
121 is rising to an undesired level, and is stored in the control unit 50. 
In this embodiment, the predetermined reference temperature TO is 

15 set equal to 300°C. In the case where the internal temperature Tl 
has not yet reached the reference temperature TO at step S320, the 
program returns to step S310 and repeats the process of reading and 
comparing the internal temperature until the internal temperature 
Tl reaches the reference temperature TO. 

20 When it is determined at step S320 that the internal 

temperature Tl is not lower than the reference temperature TO, the 
CPU 54 sets all the solenoid valves in OFF position and starts 
measuring an elapse of time t with a non-illustrated timer included in 
the control unit 50 (step S330). The process of setting all the 

25 solenoid valves in OFF position at step S330 stops the gas flow in and 
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out of the reformer unit 120 and causes the steam reforming reaction 
and the oxidation reaction to continue with the remaining crude fuel 
gas in the reaction unit 121. The elapse of time t is compared with a 
predetermined reference time tO (step S340). The predetermined 
5 reference time tO is set in advance as a time required for completion of 
the steam reforming reaction and the oxidation reaction using the 
remaining crude fuel gas in the reformer unit 120 and is stored in the 
control unit 50. In this embodiment, the predetermined reference 
time tO is set equal to 1 sec. In the case where the elapse of time t 

10 has not yet reached the predetermined reference time tO at step S340, 
the process of step S340 is repeatedly executed until the 
predetermined reference time tO elapses. In the case where the 
elapse of time t reaches the predetermined reference time tO at step 
S340, the CPU 54 outputs a driving signal to the selected solenoid 

15 valves and sets the on-off state of the solenoid valves in the second 
state (step S350). The program then exits from this routine. 

In the case of the negative answer at step S300, it is 
determined that the reformer unit 120 is in the second state. The 
CPU 54 reads an internal temperature T2 at the upper stream end, 

20 which receives the supply of the gas, from the temperature sensor 123 
(step S360). The program subsequently carries out the processing of 
steps S370 through S390, which is similar to the processing of steps 
S320 through S340 discussed above. When the internal temperature 
T2 reaches the predetermined reference value TO (300°C in this 

25 embodiment) with the progress of the oxidation reaction, all the 
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solenoid valves are set in OFF position for the predetermined time 
period (l sec in this embodiment). The program then sets the on-off 
state of the solenoid valves in the first state (step S400), and exits 
from this routine. 

5 As mentioned above, the gas inlet changeover routine is 

repeatedly executed at preset time intervals, when the non-illustrated 
start switch is operated to give the instruction of starting the fuel 
cells system 20. In the initial stage when the instruction is given to 
actuate the fuel cells system 20, the on _ off state of the solenoid valves 

10 may be set in either the first state or the second state. For example, 
the last on-off state of the solenoid valves in the previous actuation of 
the fuel cells system 20 may be kept as the initial state for the current 
actuation of the fuel cells system 20. In another example, either the 
first state or the second state may be fixed to the on-off state of the 

15 solenoid valves at the start of the fuel cells system 20. 

The fuel cells system including the reformer unit 120 of the 
fifth embodiment thus constructed, the place of receiving the supply of 
the air mixture is changeable between the upper stream side and the 
lower stream side in the reformer unit 120. The direction of the gas 

20 flow in the reaction unit 121 is thus reversible. This arrangement 
effectively prevents an excessive temperature rise on one end of the 
reformer unit with the heat evolved by the oxidation reaction. There 
is accordingly no abrupt temperature rise on the upper stream side. 
The changeover of the direction of the gas flow is based on the 

25 observed temperature at the end of the reaction unit 121. This 



79 



securely prevents an excessive temperature rise at the end of the 
reaction unit 121. 

The changeover of the direction of the gas flow enables the 
either end of the reaction unit 121 to function as the upper stream 
5 side. Unlike the prior art reformer unit, there is accordingly no 
significant temperature drop in a specific area on the lower stream 
side. Namely both sides of the reformer unit 120 are kept in the 
highly active state of the steam reforming reaction. This ensures the 
sufficient utilization of the catalyst included in the whole reaction 

10 unit 121 and enhances the rate of the steam reforming reaction. This 
arrangement enables size reduction of the reformer unit. 

Fig. 19 is a graph showing the internal temperature 
distributions from one end to the other end with regard to the 
reformer unit 120 described above and a prior art reformer unit that 

15 has a fixed direction of the internal gas flow. Unlike the prior art 
reformer unit, the reformer unit 120 effectively suppresses the 
excessive progress of the oxidation reaction at a specific end. The 
either end of the reformer unit 120 may function as the upper stream 
side and the internal temperature of the reformer unit is thus 

20 favorably kept in the temperature range of 250 to 300°C. As 
described above, in the reformer unit 120 of this embodiment, there is 
no abrupt temperature rise in the vicinity of the inlet. This 
advantageously prevents the potential troubles due to the 
temperature rise, for example, deterioration of the catalyst and 

25 formation of by-products. Like the embodiments discussed above, 
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this arrangement significantly improves the durability of the 
reformer unit. 

The reformer unit 120 of this embodiment has the reaction unit 
of the honeycomb structure. In a modified structure, the reformer 
5 unit may be filled with pellets with the catalyst carried thereon. 
This modified structure also exerts the similar effects by changing 
over the direction of the gas flow that passes through the inside of the 
reformer unit. 

In the reformer unit 120 of this embodiment, the direction of 

10 the gas flow is changed over, based on the observed temperature at the 
end of the reaction unit 121. The direction of the gas flow may, 
however, be changed over based on another factor. The arrangement 
of changing over the direction of the gas flow according to the 
observed temperature at the end of the reaction unit 121 ensures the 

15 remarkable effect of keeping the internal temperature of the reformer 
unit 120 in the predetermined temperature range, even when the flow 
rate of the crude fuel gas supplied to the reformer unit 120 varies to 
fluctuate the degree of the progress of the steam reforming reaction 
and the oxidation reaction proceeding in the reformer unit 120. For 

20 example, when there is a sufficiently little variation in flow rate of the 
crude fuel gas supplied to the reformer unit, the direction of the gas 
flow may be changed over at preset time intervals. 

The structure of stirring catalytic particles sealed in the 
reformer unit to prevent an excessive temperature rise in a specific 

25 area on the upper stream side of the reformer unit is described below 
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as a sixth embodiment. Fig. 20 schematically illustrates the 
structure of a reformer unit 130 and members connecting with the 
reformer unit 130 in the sixth embodiment. The reformer unit 130 of 
the sixth embodiment is included in a fuel cells system having a 
5 similar structure to that of the fuel cells system 20 shown in Fig. 1. 
In the following description, the like constituents are expressed by the 
like numerals and are not specifically explained. 

Particles of the Cu _ Zn catalyst are sealed in the reformer unit 
130. The CuZn catalyst prepared by the known coprecipitation 

10 technique is granulated to have the mean particle diameter of 
approximately 500 \xm. Another procedure disperses the Cu*Zn 
catalyst in a selected solvent and sprays the dispersion from a spray 
drier to form the fine particles of the above mean particle diameter. 
The catalytic particles may have any size as long as the particles are 

15 sufficiently stirred with the gas flow injected into the reformer unit 
with the catalytic particles sealed therein. For example, the 
preferable particle diameter ranges from 100 \im to several mm. The 
catalytic particles may have any shape, but the substantially 
spherical shape is preferable for the high stirring efficiency. 

20 Like the embodiments discussed above, the supply of the crude 

fuel gas containing methanol and steam and the supply of the intake 
air by the blower 38 are flown into the reformer unit 130. In this 
embodiment, the supplies of the crude fuel gas and the air are led into 
the reformer unit 130 via pressure control valves 132 and injection 

25 nozzles 134. Methanol and water are vaporized and heated in the 
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evaporator 32. The crude fuel gas discharged from the evaporator 32 
accordingly has certain temperature and pressure. The flow of the 
crude fuel gas is mixed with the flow of the air supplied through the 
air supply conduit 39 and injected into the reformer unit 130 via the 
5 pressure control valves 132 and the injection nozzles 134. The 
catalytic particles are sealed in the reformer unit 130 as mentioned 
above. The jet of the crude fuel gas containing the air fluidizes and 
stirs the catalytic particles in the reformer unit 130 as shown by the 
arrows in Fig. 20. In the reformer unit 130 of this embodiment, the 

10 flow of the crude fuel gas containing the air is injected from seven 
different positions. The gas flow may, however, be injected from any 
arbitrary number of positions as long as the catalytic particles are 
sufficiently stirred in the reformer unit. The internal volume of the 
reformer unit 130 may be determined such that a predetermined 

15 amount of the catalytic particles are sufficiently stirred with the gas 
flow (the crude fuel gas containing oxygen) supplied at a preset flow 
rate under a predetermined pressure. 

A filter 136 composed of foamed nickel is provided on the other 
end of the reformer unit 130 opposite to the end connecting with the 

20 injection nozzles. The filter 136 has a sufficiently fine mesh, which 
prevents a leakage of the catalytic particles sealed in the reformer 
unit 130 but allows the flow of the gaseous fuel produced in the 
reformer unit 130 to the CO reduction unit 36. The gaseous fuel 
passing through the filter 136 is led into the CO reduction unit 36, 

25 which reduces the concentration of carbon monoxide included in the 
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gaseous fuel, and is then supplied to the fuel cells 40. 

In the fuel cells system including the reformer unit 130 thus 
constructed, the catalytic particles sealed in the reformer unit 130 are 
continuously stirred by the flow of the crude fuel gas containing the 
5 air. The catalytic particles located at the positions where the crude 
fuel gas containing a high concentration of oxygen is supplied are 
continuously replaced. This arrangement thus effectively prevents 
an excessive temperature rise in a specific area of the catalyst with 
the heat produced by the oxidation reaction. The gas injected into 

10 the reformer unit to stir the catalytic particles is identical with the 
gas subjected to the steam reforming reaction and the oxidation 
reaction proceeding in the reformer unit (the crude fuel gas containing 
the air). Namely this arrangement enables the action of stirring the 
catalytic particles to be carried out simultaneously with the action of 

15 supplying the crude fuel gas to the reformer unit 130. The gas flow 
injected into the reformer unit does not affect the reactions 
proceeding in the reformer unit or the electrochemical reactions 
proceeding in the fuel cells. 

The heat produced by the oxidation reaction is dispersed in the 

20 reformer unit 130 by stirring the catalytic particles in the reformer 
unit 130. Unlike the prior art reformer unit, there is accordingly no 
significant temperature drop in a specific area on the lower stream 
side. The whole reformer unit 130 with the catalytic particles is 
accordingly kept in the highly active state of the steam reforming 

25 reaction. This favorably enhances the rate of the steam reforming 
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reaction. 

Fig. 21 is a graph showing the internal temperature 
distributions from one end to the other end with regard to the 
reformer unit 130 described above and a prior art reformer unit that 
5 has a fixed direction of the internal gas flow. The crude fuel gas 
having the temperature of 250°C and the flow rate of 670 1/min is 
mixed with the air having the flow rate of 140 1/min, and the mixed 
gas is injected under 5 atmospheric pressure from the injection 
nozzles 134 into the reformer unit 130. Unlike the prior art reformer 

10 unit, the oxidation reaction does not excessively proceed at a specific 
end of the reformer unit 130. The catalytic particles inside the 
reformer unit 130 are uniformly involved in the reaction, so that the 
internal temperature of the reformer unit is favorably kept in the 
temperature range of 250 to 300°C. As described above, in the 

15 reformer unit 130 of this embodiment, there is no abrupt temperature 
rise in the vicinity of the inlet. This advantageously prevents the 
potential troubles due to the temperature rise, for example, 
deterioration of the catalyst and formation of byproducts. Like the 
embodiments discussed above, this arrangement significantly 

20 improves the durability of the reformer unit. 

In the sixth embodiment discussed above, the crude fuel gas 
containing the air is used for the gas injected into the reformer unit 
130 for the purpose of stirring. A gas composed of at least one of 
vaporized methanol, steam, and the air may be used for the same 

25 purpose. In the latter case, the residual components other than the 
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gas component injected into the reformer unit to stir the catalyst are 
supplied to a predetermined position (the upper stream side close to 
the gas jets is desirable) in the reformer unit with the catalytic 
particles sealed therein. 
5 In the arrangement of the sixth embodiment, the high-pressure 

gas is injected into the reformer unit 130 to stir the catalytic particles 
sealed in the reformer unit 130. The catalytic particles may, however, 
be stirred by any other means. For example, mechanical means may 
be disposed in the reformer unit to stir the catalytic particles. 

10 The structure of changing the flow site, which receives the 

supply of the air subjected to the oxidation reaction, with time in the 
catalytic section is described below as a seventh embodiment. Fig. 
22 schematically illustrates the structure of a reformer unit 140 in the 
seventh embodiment. The reformer unit 140 of the seventh 

15 embodiment is included in a fuel cells system having a similar 
structure to that of the fuel cells system 20 shown in Fig. 1. As 
shown in Fig. 22, the reformer unit 140 is formed in a substantially 
cylindrical shape and has a single reaction unit 141 of a honeycomb 
structure with the Cu-Zn catalyst carried on the surface thereof. The 

20 reformer unit 140 is rotatable by means of a non - illustrated motor. 
Like the embodiments discussed above, the reformer unit 140 receives 
the supply of the crude fuel gas flown through the second fuel supply 
conduit 64 and discharges the resulting gaseous fuel to the third fuel 
supply conduit 65. The second fuel supply conduit 64 and the third 

25 fuel supply conduit 65 are connected to the approximate centers of the 
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substantially circular cross sections of the reformer unit 140. The 
motor is driven to rotate the reformer unit 140 at a rate of one 
rotation per second around the center of the cross section. 

The supply of the crude fuel gas flown through the second fuel 
5 supply conduit 64 and the supply of the air flown through the air 
supply conduit 39 are led into the reformer unit 140. In this 
embodiment, the end of the air supply conduit 39 connecting with the 
reformer unit 140 is formed in the second fuel supply conduit 64. 
The end of the air supply conduit 39 formed in the second fuel supply 

10 conduit 64 is bent in a space on the upstream side of the reaction unit 
141 in the reformer unit 140 and is open as an air outlet 142. The air 
outlet 142 is open to the end on the upstream side of the reaction unit 
141. In this embodiment, the position of the opening is 
approximately intermediate between the center and the circumference 

15 of the cross section at the end of the reaction unit 141. The air flown 
through the air supply conduit 39 is sprayed from the air outlet 142 
and is supplied to approximately half the cells around those located 
just opposite to the air outlet 142, among all the cells constituting the 
honeycomb structure of the reaction unit 141. 

20 In the reformer unit 140 of this embodiment, both the steam 

reforming reaction and the oxidation reaction proceed in the cells that 
receive the supply of the air from the air outlet, whereas only the 
steam reforming reaction proceeds in the cells that do not receive the 
air supply. The reformer unit 140 is rotated as described above, and 

25 the position of the air outlet 142 is fixed irrespective of the rotation of 
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the reformer unit 140. The cells that receive the supply of the air are 
accordingly changed with time. 

In the reformer unit 140 of the seventh embodiment thus 
constructed, the cells that receive the air supply for the progress of 
5 the oxidation reaction are changed with time. There is accordingly 
no excessive temperature rise in specific cells on the upstream side. 
In the cells with the air supply where the oxidation reaction proceeds 
to raise the temperature on the upstream side, the air supply is 
immediately stopped to inactivate the oxidation reaction. The heat 

10 produced by the oxidation reaction is consumed by the steam 
reforming reaction, and there is no further temperature rise. In the 
cells with no air supply where the heat is consumed by the steam 
reforming reaction, on the other hand, the air supply is immediately 
started to activate the oxidation reaction, which produces heat and 

15 prevents a significant temperature drop. 

Like the embodiments discussed previously, the ratio of the 
methanol supply to the air supply to the reformer unit 140 is fixed to 
make the amount of heat required for the steam reforming reaction 
balance the amount of heat generated by the oxidation reaction 

20 proceeding in the reformer unit. In the reformer unit 140 of this 
embodiment, almost half the cells among all the cells constituting the 
honeycomb structure receive the air supply. Namely each cell, to 
which the air is currently supplied, receives oxygen in excess over the 
quantity of methanol. The amount of heat generated by the 

25 oxidation reaction is accordingly greater than the amount of heat 
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required for steam reforming the methanol supply. As described 
above, the air supply is immediately stopped to such cells. This 
arrangement effectively prevents an excessive temperature rise on the 
upstream side that receives the air supply. The air and the crude 
5 fuel gas are supplied in the excess of oxygen. Compared with the 
standard supply with no excess of oxygen, the area of the vigorous 
oxidation reaction is extended to the lower stream portion. Unlike 
the prior art reformer unit, there is accordingly no significant 
temperature drop in the lower stream side. In the reformer unit 140, 

10 the whole reaction unit is kept in the desirable temperature range and 
is in the highly active state of the steam reforming reaction. This 
enhances the rate of the steam reforming reaction. 

Fig. 23 is a graph showing the internal temperature 
distributions from the upper stream side to the lower stream side with 

15 regard to the reformer unit 140 described above and a prior art 
reformer unit that receives a fixed rate of oxygen supply. The 
measurement of the temperature distribution was carried out while 
the gas was supplied to the reformer unit 140 under the conditions 
that LHSV (volume of methanol processed per hour / volume of the 

20 catalyst) =3 and the gas contained the air attaining the ratio of 
oxygen/methanol = 11% and water attaining the ratio of 
water/methanol =2. Unlike the prior art reformer unit, there is no 
excessive temperature rise on the upstream side of the reformer unit 
140. The internal temperature of the reformer unit is thus favorably 

25 kept in the temperature range of 250 to 300°C. This advantageously 
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prevents the potential troubles due to the temperature rise, for 
example, deterioration of the catalyst and formation of by-products. 
Like the embodiments discussed above, this arrangement 
significantly improves the durability of the reformer unit. The 
gaseous fuel produced by the reformer unit 140 under the above 
conditions contained H 2 =50%, C0 2 =23%, H 2 0 =17.5%, N 2 =9%, and 
CO = 0.5% and was favorably used for the fuel cells. 

In the seventh embodiment described above, the reformer unit 
140 is rotated, while the air outlet 142 to spray the air flow is fixed. 
One modified structure rotates the air outlet and fixes the reformer 
unit. The reformer unit of such structure is described below as a 
modified example of the seventh embodiment. Fig. 24 schematically 
illustrates the structure of a reformer unit 140A in the modified 
example of the seventh embodiment. The reformer unit 140A has a 
substantially similar structure to that of the reformer unit 140. In 
the following description, the corresponding constituents are 
expressed by the like numerals with a suffix A. The reformer unit 
140A of this modified example is not rotatable. A specific rotary 
mechanism 144 is disposed at the bent in the end portion of the air 
supply conduit 39 leading to an air outlet 142A. The rotary 
mechanism 144 rotates the end of the air supply conduit 39 with the 
air outlet 142A to change the flow site at the upper stream end of a 
reaction unit 141A , which receives the air supply from the air outlet 
142A, with time. 

The reformer unit 140A of this configuration exerts the similar 
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effects to those of the reformer unit 140 of the seventh embodiment. 
The rotary mechanism 144 disposed in the vicinity of the end of the 
air supply conduit 39 supports an end member 143 with the air outlet 
142A to be freely rotatable relative to the base of the air supply 
5 conduit 39. The end member 143 may be rotated by the reaction 
force of the air spray from the air outlet 142A or by any external 
powers. 

In the embodiment and its modified example, either of the air 
outlet and the reformer unit is rotated. Another modified structure 

10 provides a plurality of air outlets on the upstream side of the reformer 
unit and changes over the working air outlet, from which the air is 
actually sprayed, with time. Any structure may be applicable as long 
as it changes the flow site in the reaction unit, which receives the air 
supply, with time. The reformer units 140 and 140A have the 

15 reaction unit of the honeycomb structure. In a modified structure, 
the reaction unit may be filled with pellets with the catalyst carried 
thereon. This modified structure also exerts the similar effects by 
changing the flow site in the reaction unit, which receives the air 
supply, with time. 

20 The reformer units of the sixth and the seventh embodiments 

discussed above have another effect of making the oxidation reaction 
vigorously proceed at the initial stage and thus heating the reformer 
unit quickly to the stationary level. At the initial stage, the 
temperature of the reformer unit is as low as room temperature, and it 

25 is required to quickly heat the reformer unit to the stationary level. 
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One possible technique supplies large quantities of methanol and 
oxygen to make the oxidation reaction vigorously proceed and thereby 
internally heat the reformer unit. In the prior art reformer unit, 
however, the vigorous oxidation reaction with a large quantity of air 
5 supply may cause an excessive temperature rise in a specific area on 
the upper stream side while the average temperature of the reformer 
unit is still low. In the reformer units of the sixth and the seventh 
embodiments, the area of the vigorous oxidation reaction (that is, the 
catalytic site receiving the high concentration of oxygen) is changed 

10 with time. The vigorous oxidation reaction with the large quantity of 
air supply accordingly does not cause an excessive temperature rise in 
any specific site, but quickly heats the whole reformer unit to the 
stationary level. 

The following describes a reformer unit of an eighth 

15 embodiment including a plurality of reaction units, where the 
direction of the gas flow in part of the reaction units is reverse to the 
direction of the gas flow in the residual reaction units, so as to allow 
heat exchange between the upper stream side of one reaction unit that 
receives the supplies of the crude fuel gas and the air and the lower 

20 stream side of an adjoining reaction unit that outputs the gaseous fuel. 
Fig. 25 is a sectional view schematically illustrating the structure of a 
reformer unit 150 in the eighth embodiment. The reformer unit 150 
of the eighth embodiment is included in a fuel cells system having a 
similar structure to that of the fuel cells system 20 shown in Fig. 1. 

25 The reformer unit 150 is formed in a substantially cylindrical shape 
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and has a dual tubular structure including a reaction unit 152 formed 
along the inner wall thereof and a reaction unit 151 located inside the 
reaction unit 152. The reaction unit 151 receives the supplies of the 
crude fuel gas and the air at one end thereof (the left end in Fig. 25) 
5 and outputs the gaseous fuel at the other end (the right end in Fig. 25). 
The reaction unit 152 also receives the supplies of the crude fuel gas 
and the air at one end and outputs the gaseous fuel at the other end, 
but the respective ends are just opposite to those of the reaction unit 
151. Namely the direction of the gas flow in the reaction unit 151 is 

10 reverse to the direction of the gas flow in the reaction unit 152, Each 
of the reaction units 151 and 152 may be composed of the honeycomb 
structure with the Cu-Zn catalyst carried on the surface thereof or 
may be filled with the pellets of the CuZn catalyst. 

In the reformer unit 150 of the eighth embodiment thus 

15 constructed, the upper stream side of the inner reaction unit 151 is 
adjacent to the lower stream side of the outer reaction unit 152, and 
the lower stream side of the inner reaction unit 151 is adjacent to the 
upper stream side of the outer reaction unit 152. This arrangement 
enables heat exchange between the upper stream side of one reaction 

20 unit and the lower stream side of the other reaction unit. Heat 
generated by the oxidation reaction on the upper stream side of one 
reaction unit is transmitted to the lower stream portion of the other 
reaction unit adjoining thereto (see the dotted arrows in Fig. 25). 
This arrangement effectively prevents an excessive temperature rise 

25 on the upper stream side that receives the supplies of the crude fuel 
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gas and the air. 

The lower stream portion of each reaction unit included in the 
reformer unit 150 receives the heat transmitted from the upper 
stream side of the adjoining reaction unit. Unlike the prior art 
5 reformer unit, there is accordingly no significant temperature drop on 
the lower stream side. Each reaction unit in the reformer unit 150 is 
thus kept in the highly active state of the steam reforming reaction. 
This enhances the rate of the steam reforming reaction. 

Fig. 26 is a graph showing the internal temperature 

10 distributions from one end to the other end with regard to the 
respective reaction units of the reformer unit 150 described above and 
a prior art reformer unit that has a fixed direction of the internal gas 
flow in reaction units. Unlike the prior art reformer unit, in the 
reformer unit 150, there is no excessive temperature rise in a specific 

15 area on the upper stream side with the heat produced by the oxidation 
reaction. There is also no significant temperature drop in a specific 
area on the lower stream side. The internal temperature of the 
reformer unit is thus favorably kept in the temperature range of 250 
to 300°C. As described above, in the reformer unit 150 of this 

20 embodiment, there is no abrupt temperature rise in the vicinity of the 
inlet. This advantageously prevents the potential troubles due to the 
temperature rise, for example, deterioration of the catalyst and 
formation of by-products. Like the embodiments discussed above, 
this arrangement significantly improves the durability of the 

25 reformer unit. 
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The reformer unit 150 of the eighth embodiment discussed 
above has the dual tubular structure including the inner reaction unit 
151 and the outer reaction unit 152, where the direction of the gas 
flow in one reaction unit is reverse to the direction of the gas flow in 
5 the other reaction unit. In the generalized structure, the reformer 
unit includes a plurality of reaction units, where the direction of the 
gas flow in part of the reaction units is reverse to the direction of the 
gas flow in the residual reaction units. This arrangement allows 
heat exchange between the upper stream portion generating a large 

10 amount of heat and the lower stream portion consuming a large 
amount of heat. This accordingly ensures the same effects as 
discussed in the eight embodiment. For example, the reformer unit 
may be formed in a stack structure where a plurality of thin reaction 
units are laid one upon another, instead of the dual tubular structure. 

15 The direction of the gas flow is alternately inverted in the stack of the 
respective reaction units. In this structure, heat exchange is carried 
out between the upper stream side of each reaction unit and the lower 
stream side of an adjoining reaction unit, so as to homogenize the 
internal temperature. 

20 The following describes a ninth embodiment that has a turning 

area provided in the middle of a flow path defined in a reaction unit, 
where the upper stream portion and the lower stream portion are 
adjacent to each other in the reaction unit to allow heat exchange 
therebetween. Fig. 27 is a sectional view schematically illustrating 

25 the structure of a reformer unit 160 in the ninth embodiment. The 
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reformer unit 160 of the ninth embodiment is included in a fuel cells 
system having a similar structure to that of the fuel cells system 20 
shown in Fig. 1. Like the reformer unit 150 of the eighth 
embodiment, the reformer unit 160 is formed in a substantially 
cylindrical shape and has a dual tubular structure including an inner 
section 161 and an outer section 162. The inner section 161 and the 
outer section 162 are continuous with each other and form a single 
reaction unit 163. 

The second fuel supply conduit 64 connects with one end of the 
inner section 161. The supplies of the crude fuel gas and the air 
flown through the second fuel supply conduit 64 move from one end to 
the other end in the inner section 161. The other end of the inner 
section 161 connects with the outer section 162. The gas passing 
through the inside of the inner section 161 is led from the other end 
thereof to the outer section 162 (see the solid arrows in Fig. 27). The 
gas introduced into the outer section 162 passes through the inside of 
the outer section 162 and is connected to the third fuel supply conduit 
65 at an end corresponding to the one end of the inner section 161. 
The resulting gaseous fuel produced from the gas passing through the 
reaction unit 163 is discharged to the third fuel supply conduit 65. 
The inner section 161 and the outer section 162 of the reaction unit 
163 may be composed of the honeycomb structure with the Cu-Zn 
catalyst carried thereon or may be filled with the pellets of the Cu-Zn 
catalyst. 

In the reformer unit 160 of the ninth embodiment thus 
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constructed, the inner section 161 is adjacent to the outer section 162. 
This arrangement allows heat exchange between the inner section 161 
and the outer section 162. The inner section 161 corresponds to the 
upper stream portion in the reaction unit 163, where the oxidation 
5 reaction vigorously proceeds to generate a large amount of heat. The 
outer section 162 corresponds to the lower stream portion in the 
reaction unit 163 ? where only the steam reforming reaction mainly 
proceeds to require heat. In the reformer unit 160, heat is 
transmitted from the inner section 161 generating a large amount of 

10 heat to the outer section 162 requiring heat (see the dotted arrows in 
Fig. 27). There is accordingly no excessive temperature rise in the 
inner section 161 corresponding to the upper stream side. 

In the reformer unit 160, the outer section 162 corresponding 
to the lower stream side receives the heat transmitted from the 

15 adjoining inner section 161. Unlike the prior art reformer unit, there 
is accordingly no significant temperature drop on the lower stream 
side. The whole reaction unit in the reformer unit 160 is thus kept in 
the highly active state of the steam reforming reaction. This 
enhances the rate of the steam reforming reaction. 

20 Fig. 28 is a graph showing the internal temperature 

distributions from one end connecting with the second fuel supply 
conduit 64 to the other end with regard to the reformer unit 160 
described above and a prior art reformer unit that has a fixed 
direction of the internal gas flow in a reaction unit. Unlike the prior 

25 art reformer unit, in the reformer unit 160, there is no excessive 
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temperature rise on the upper stream side with the heat produced by 
the oxidation reaction. There is also no significant temperature drop 
on the lower stream side. The internal temperature of the reformer 
unit is thus favorably kept in the temperature range of 250 to 300°C. 
5 As described above, in the reformer unit 160 of this embodiment, 
there is no abrupt temperature rise in the vicinity of the inlet. This 
advantageously prevents the potential troubles due to the 
temperature rise, for example, deterioration of the catalyst and 
formation of by-products. Like the embodiments discussed above, 
10 this arrangement significantly improves the durability of the 
reformer unit. 

The reformer unit 160 of the ninth embodiment discussed 
above has the dual tubular structure including the inner section 161 
and the outer section 162, where the direction of the gas flow in the 

15 inner section 161 is reverse to the direction of the gas flow in the outer 
section 162. The reformer unit of this arrangement is, however, not 
restricted to the dual tubular structure. In the generalized structure, 
a turning area is provided in the middle of a flow path which the crude 
fuel gas and the air pass through, and the upper stream side and the 

20 lower stream side are arranged to be adjacent to each other to allow 
heat exchange therebetween. This arrangement exerts the same 
effects as those discussed in the ninth embodiment. For example, the 
reformer unit may have a folded flow path, where the direction of the 
gas flow on the upper stream side is reverse to the direction of the gas 

25 flow on the lower stream side, instead of the dual tubular structure. 
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Fig. 29 shows a reformer unit 160A of such structure. This structure 
also enables heat to be transmitted from the upper stream side to the 
adjoining lower stream side (see the arrows in Fig. 29), thus 
homogenizing the internal temperature. 
5 The structure of heating the lower stream portion of the 

reformer unit with hot combustion exhaust discharged from the 
evaporator 32 is described below as a tenth embodiment. Fig. 30 is a 
sectional view schematically illustrating the structure of a reformer 
unit 170 in the tenth embodiment. The reformer unit 170 of the 

10 tenth embodiment is included in a fuel cells system having a similar 
structure to that of the fuel cells system 20 shown in Fig. 1. The 
reformer unit 170 includes two reaction units 171 and 172 of the 
honeycomb structures with the Cu-Zn catalyst carried on the surface 
thereof. The division of the reformer unit 170 into two reaction units 

15 enables the gas separated by each cell of the honeycomb structure in 
the reaction unit 171 on the upper stream side to be mixed again in 
the course of the flow path, and thus homogenizes the conditions of 
the gas passing through the inside of the reaction unit 170. The 
reformer unit 170 connects with the second fuel supply conduit 64 

20 that receives the air supply from the air supply conduit 39, and 
receives the supply of the crude fuel gas mixed with the air. The 
supply of the crude fuel gas that contains the air and is led from the 
second fuel supply conduit 64 passes through the reaction units 171 
and 172 in this sequence. The resulting hydrogen rich gaseous fuel 

25 is then discharged to the third fuel supply conduit 65. 



99 



The reaction units 171 and 172 are respectively provided with 
temperature sensors 173 and 174. These temperature sensors 173 
and 174 are connected to the control unit 50. Pieces of information 
regarding the internal temperatures of the reaction units 171 and 172 
5 are sent to the control unit 50. As discussed later, the results of the 
measurement with the temperature sensor 173 are used to prevent an 
excessive temperature rise inside the reaction unit 171, whereas the 
results of the measurement with the temperature sensor 174 are used 
to prevent an excessive temperature drop inside the reaction unit 172. 

10 It is accordingly desirable that the temperature sensor 173 is located 
on the upper stream side of the reaction unit 171 and the temperature 
sensor 174 is located on the lower stream side of the reaction unit 172. 

A combustion exhaust inlet 175, into which combustion 
exhaust discharged from the evaporator 32 is introduced, is disposed 

15 at a specific position on the circumferential part of the reformer unit 
170, which corresponds to the reaction unit 172. As described 
previously, the evaporator 32 receives a supply of combustion exhaust 
from the burner 26 via the compressor unit 28 and heats and 
vaporizes methanol and water with the amount of heat in the 

20 combustion exhaust. The combustion exhaust discharged from the 
compressor unit 28 after consuming the internal heat in the 
evaporator 32 to heat and vaporize methanol and water still has a 
certain amount of heat. In the reformer unit 170 of this embodiment, 
this combustion exhaust is led into the combustion exhaust inlet 175 

25 and used to heat the reaction unit 172 on the lower stream side. 
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The fuel cells system including the reformer unit 170 of this 
embodiment has a combustion exhaust flow conduit 176 that leads the 
combustion exhaust discharged from the evaporator 32 to the 
combustion exhaust inlet 175. A mass flow controller 177 is disposed 
5 in the combustion exhaust flow conduit 176 to regulate the flow rate of 
the combustion exhaust led into the combustion exhaust inlet 175. 
The mass flow controller 177 is connected to the control unit 50. The 
control unit 50 regulates the flow rate of the combustion exhaust led 
into the combustion exhaust inlet 175. The temperature of the 

10 combustion exhaust led from the evaporator 32 to the combustion 
exhaust inlet 175 is approximately 300°C. The internal temperature 
of the reaction unit 172 is adjusted by controlling the driving state of 
the mass flow controller 177 and regulating the flow rate of the 
combustion exhaust supplied to the combustion exhaust inlet 175. 

15 The combustion exhaust led into the combustion exhaust inlet 175 is 
used to heat the reaction unit 172 and then discharged from the fuel 
cells system. 

In the reaction unit 171 on the upper stream side of the 
reformer unit 170 of this embodiment, the amount of heat produced by 

20 the oxidation reaction compensates the amount of heat required for 
the steam reforming reaction proceeding in the reaction unit 171. In 
the reaction unit 172 on the lower stream side, on the other hand, the 
heat required for the steam reforming reaction proceeding in the 
reaction unit 172 is supplied by both the heat produced by the 

25 oxidation reaction proceeding on the upper stream side and the heat 
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included in the combustion exhaust led into the combustion exhaust 
inlet 175. In the fuel cells system including the reformer unit 170 of 
this embodiment, the control unit 50 controls the driving amount of 
the blower 38, which takes in the air to be supplied to the reformer 
5 unit 170, based on the results of the measurement with the 
temperature sensor 173 and regulates the flow rate of the air supplied 
to the reformer unit 170 to make the internal temperature of the 
reaction unit 171 not higher than 300°C. In the fuel cells system of 
this embodiment, the control unit 50 also controls the driving amount 

10 of the mass flow controller 177 based on the results of the 
measurement with the temperature sensor 174 and regulates the flow 
rate of the combustion exhaust introduced into the combustion 
exhaust inlet 175 to make the internal temperature of the reaction 
unit 172 not lower than 250°C. 

15 In the reformer unit 170 of the tenth embodiment thus 

constructed, the reaction unit 172 on the lower stream side is heated 
with the combustion exhaust. It is accordingly not necessary that 
the amount of heat produced by the oxidation reaction compensates 
all the amount of heat required for the steam reforming reaction 

20 proceeding in the reformer unit 170. Namely this arrangement 
decreases the flow rate of the air supplied to the reformer unit 170 
and subjected to the oxidation reaction, thus suppressing the progress 
of the oxidation reaction proceeding on the upper stream side. The 
flow rate of the air supplied to the reformer unit 170 is regulated, 

25 based on the observed internal temperature of the reaction unit 171. 
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This arrangement effectively prevents an excessive temperature rise 
in the reaction unit 171 where the oxidation reaction vigorously 
proceeds. 

In the reformer unit 170, the internal heat of the combustion 
exhaust led into the combustion exhaust inlet 175 is transmitted to 
the reaction unit 172 on the lower stream side. Unlike the prior art 
reformer unit, there is accordingly no significant temperature drop on 
the lower stream side. The whole reaction unit in the reformer unit 
170 is thus kept in the highly active state of the steam reforming 
reaction. This enhances the rate of the steam reforming reaction. 
The heat of the combustion exhaust, which is wasted in the prior art 
structure, is utilized to heat the reaction unit 172. This 
arrangement accordingly does not lower the energy efficiency for 
heating the reaction unit 172. 

Fig. 31 is a graph showing the internal temperature 
distributions from the upper stream side that receives the supply of 
the crude fuel gas containing the air to the lower stream side with 
regard to the reformer unit 170 described above and a prior art 
reformer unit where the amount of heat produced by the oxidation 
reaction compensates all the amount of heat required for the steam 
reforming reaction. Unlike the prior art reformer unit, in the 
reformer unit 170, there is no excessive temperature rise on the upper 
stream side with the heat produced by the oxidation reaction. There 
is also no significant temperature drop on the lower stream side. The 
internal temperature of the reformer unit is thus favorably kept in the 
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temperature range of 250 to 300°C. As described above, in the 
reformer unit 170 of this embodiment, there is no abrupt temperature 
rise in the vicinity of the inlet. This advantageously prevents the 
potential troubles due to the temperature rise, for example, 
5 deterioration of the catalyst and formation of by-products. Like the 
embodiments discussed above, this arrangement significantly 
improves the durability of the reformer unit. 

The reformer unit 170 of the tenth embodiment discussed 
above includes the two reaction units 171 and 172 composed of the 

10 honeycomb structures. The reformer unit may be filled with pellets 
with the catalyst carried thereon, instead of the honeycomb structure. 
In this case, the reformer unit may not be divided into two sections 
but may uniformly be filled with the pellets. 

Any hot gas other than the combustion exhaust discharged 

15 from the evaporator 32 may alternatively be used to heat the lower 
stream portion. For example, in the fuel cells system including the 
reformer unit 170 of this embodiment, in the case where the heat 
source that supplies heat required for the evaporator 32 is different 
from the driving source of the compressor unit 28 that supplies the 

20 compressed air to the cathodes of the fuel cells 40, the hot gas used to 
heat the lower stream portion may be the gaseous exhaust discharged 
from either one of the heat source and the driving source. The gas 
discharged from another high-temperature constituent of the fuel 
cells system may be used instead, as long as the gas has energy usable 

25 to keep the internal temperature of the reformer unit in the 
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temperature range of 250 to 300°C. Instead of using the hot gaseous 
exhaust discharged from the high-temperature constituent, another 
available structure circulates a specific fluid between the 
high-temperature constituent and the reformer unit and supplies the 
thermal energy of the high-temperature constituent to the reformer 
unit by means of the circulated fluid. 

The structure of supplying part of the crude fuel in the liquid 
form to the upper stream side of the reaction unit is described below 
as an eleventh embodiment. Fig. 32 schematically illustrates the 
structure of a reformer unit 180 in the eleventh embodiment. The 
reformer unit 180 of the eleventh embodiment is included in a fuel 
cells system having a similar structure to that of the fuel cells system 
20 shown in Fig. 1. The reformer unit 180 has a single reaction unit 
181 of a honeycomb structure with the Cu-Zn catalyst carried on the 
surface thereof. The reformer unit 180 connects with the second fuel 
supply conduit 64 to receive the supply of the crude fuel gas, and 
additionally receives the supply of a mixed solution of methanol and 
water (hereinafter referred to as the liquid crude fuel). The liquid 
crude fuel is led into the evaporator 32 via the first fuel supply 
conduit 63 as described previously. The first fuel supply conduit 63 
branches off to a crude fuel branch path 182 to supply the liquid crude 
fuel to the reformer unit 180. In the structure of this embodiment, 
the air supply conduit 39 does not join the second fuel supply conduit 
64 but meets the crude fuel branch path 182 to form a crude fuel 
conduit 183. The crude fuel conduit 183 is connected to the upper 
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stream end of the reformer unit 180 to supply the liquid crude fuel 
mixed with the air to the reformer unit 180. 

Mass flow controllers 184 and 185 are respectively disposed in 
the air supply conduit 39 and the crude fuel branch path 182 to 
regulate the flow rate of the air and the quantity of the liquid crude 
fuel supplied to the reformer unit 180. These mass flow controllers 
184 and 185 are connected to the controller 50, which control the 
driving amounts thereof. An injection nozzle 187 formed as an end 
structure of the crude fuel conduit 183 is located in the vicinity of the 
upper stream end of the reaction unit 181 in the reformer unit 180. 
The liquid crude fuel mixed with the air is sprayed from this injection 
nozzle 187 toward the end of the reaction unit 181 by utilizing the air 
pressure and is fed over a wide area in the cross section at the end of 
the reaction unit 181. The injection nozzle 187 may not be formed as 
a nozzle but may have any shape that allows the liquid to be sprayed 
over a wide area. In the reformer unit 180, a temperature sensor 186 
is disposed in the vicinity of the upper stream end of the reaction unit 
181. The temperature sensor 186 is connected to the control unit 50. 
Information regarding the temperature on the upper stream side of 
the reaction unit 181 is input into the control unit 50. 

As described above, when the supplies of the crude fuel gas and 
the air are fed into the reformer unit, the oxidation reaction 
vigorously proceeds to raise the temperature on the upper stream side 
where the concentration of oxygen is high. In the structure of this 
embodiment, on the other hand, the liquid crude fuel is sprayed 
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toward the upper stream end of the reaction unit 181, so as to regulate 
the temperature on the upper stream side. The liquid crude fuel 
sprayed to the reaction unit 181, which has been heated to high 
temperatures, removes heat from the reaction unit 181 and is heated 
5 and vaporized. The temperature on the upper stream side of the 
reaction unit 181 is accordingly controlled not to higher than a preset 
level by regulating the supply of the liquid crude fuel. 

In the process of producing the hydrogen rich gaseous fuel in 
the reformer unit 180 of this arrangement, the supply of the liquid 

10 crude fuel to the reformer unit 180 and its quantity are controlled, 
based on the internal temperature of the reaction unit 181 measured 
by the temperature sensor 186. The total quantity of methanol 
supplied to the reformer unit 180 depends upon the magnitude of the 
loading connected to the fuel cells 40, that is, the quantity of the 

15 gaseous fuel to be supplied to the fuel cells 40. The quantity of 
methanol flown through the first fuel supply conduit 63 and supplied 
to the reformer unit 180 in the liquid form is regulated, based on the 
results of the measurement with the temperature sensor 186. In 
accordance with a concrete procedure, when the temperature of the 

20 reaction unit 181 exceeds a preset level (300°C in this embodiment), 
the liquid crude fuel is sprayed from the injection nozzle 187. The 
quantity of the liquid crude fuel sprayed from the injection nozzle 187 
is regulated to make the temperature of the reaction unit 181 not 
higher than the preset level. While the temperature of the reaction 

25 unit 181 is not higher than the preset level, only the air is sprayed 
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from the injection nozzle 187. 

In the reformer unit 180 of the eleventh embodiment thus 
constructed, the liquid is sprayed and vaporized inside the reformer 
unit 180, so as to cool down the upper stream side of the reaction unit 
5 181. This arrangement effectively prevents an excessive 
temperature rise on the upper stream side of the reaction unit 181 
with the heat produced by the oxidation reaction. The liquid sprayed 
in the reformer unit 180 to cool down the upper stream portion of the 
reaction unit 181 is the liquid crude fuel that undergoes the steam 

10 reforming reaction and the oxidation reaction proceeding in the 
reformer unit 180. The injection of the liquid accordingly does not 
affect the reactions proceeding in the reformer unit 180. 

Fig. 33 is a graph showing the internal temperature 
distributions from the upper stream side that receives the supply of 

15 the crude fuel gas containing the air to the lower stream side with 
regard to the reformer unit 180 described above and a prior art 
reformer unit where all the quantity of methanol required to produce 
a desired quantity of the gaseous fuel is supplied via the evaporator 
32. Unlike the prior art reformer unit, in the reformer unit 180, 

20 there is no excessive temperature rise on the upper stream side with 
the heat produced by the oxidation reaction. The internal 
temperature of the reformer unit is thus favorably kept in the 
temperature range of 250 to 300°C. As described above, in the 
reformer unit 180 of this embodiment, there is no abrupt temperature 

25 rise in the vicinity of the inlet. This advantageously prevents the 
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potential troubles due to the temperature rise, for example, 
deterioration of the catalyst and formation of by-products. Like the 
embodiments discussed above, this arrangement significantly 
improves the durability of the reformer unit. 
5 While the temperature on the upstream side of the reformer 

unit 180 rises excessively and an increasing quantity of the liquid 
crude fuel is sprayed from the injection nozzle 187, a decrease in 
required electric power for the loading connected to the fuel cells 40 
may cause methanol supplied to the reformer unit 180 to be in excess 

10 and produce the gaseous fuel over the required quantity. In the fuel 
cells system including the reformer unit 180 of this embodiment, the 
gaseous fuel exhaust discharged from the fuel cells 40 is used as the 
fuel for combustion in the burner 26. This accordingly does not lower 
the total energy efficiency in the system even in such cases. 

15 In the reformer unit 180 of this embodiment, the mixed 

solution of methanol and water is sprayed from the injection nozzle 
187 to cool down the upper stream portion of the reaction unit 181. 
Only either methanol or water may be sprayed instead. In this case, 
there is a branch path from either the methanol flow conduit 60 or the 

20 water flow conduit 62, instead of the first fuel supply conduit 63. 
Methanol or water is flown through this branch path and sprayed 
from a nozzle like the injection nozzle 187. This arrangement also 
enables the sprayed liquid to remove heat for vaporization on the 
upper stream side of the reaction unit 181 and thus exerts the similar 

25 effects to those of the reformer unit 180 of the eleventh embodiment 
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discussed above. 

The following describes a twelfth embodiment, where a 
reaction unit in which both the steam reforming reaction and the 
oxidation reaction proceed is arranged to be adjacent to a reaction 
5 unit in which only the steam reforming reaction proceeds to allow 
heat exchange therebetween and thereby prevent an excessive 
temperature rise with the heat produced by the oxidation reaction. 
Fig. 34 schematically illustrates the structure of a reformer unit 190 
in the twelfth embodiment. The reformer unit 190 of the twelfth 

10 embodiment is included in a fuel cells system having a similar 
structure to that of the fuel cells system 20 shown in Fig. 1. The 
reformer unit 190 is formed in a substantially cylindrical shape and 
has three reaction units 191, 192, and 193 composed of the honeycomb 
structures. The reaction unit 193 is formed along the inner wall of 

15 the reformer unit 190, and the reaction units 191 and 192 are formed 
inside the reaction unit 193. The reaction unit 191 is located on the 
upper stream side and the reaction unit 192 is located on the lower 
stream side. There is a certain space 200 formed therebetween. 

In the reformer unit 190, all the reaction units 191, 192, and 

20 193 have the Cu-Zn catalyst carried on the surface thereof. The 
reaction unit 193 connects with the second fuel supply conduit 64 to 
receive the supply of the crude fuel gas, while not receiving the air 
supply. Only the steam reforming reaction accordingly proceeds in 
the reaction unit 193. The second fuel supply conduit 64 connects 

25 with the reaction unit 191 as well as the reaction unit 193. The 
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crude fuel gas supplied to the reaction unit 191 passes through the 
inside of the reaction unit 191 and the reaction unit 192 in this 
sequence. The air supply conduit 39 branches off to air branch paths 
194 and 195, which are respectively connected with the upper stream 
portions of the reaction unit 191 and the reaction unit 192. The air is 
flown through these air branch paths 194 and 195 and is fed to the 
respective reaction units. Both the steam reforming reaction and the 
oxidation reaction accordingly proceed in the reaction unit 191 and 
the reaction unit 192. Both the hydrogen rich gas produced through 
the steam reforming reaction and the oxidation reaction in the 
reaction units 191 and 192 and the hydrogen rich gas produced 
through the steam reforming reaction in the reaction unit 193 are 
output to the third fuel supply conduit 65 and led to the CO reduction 
unit 36. 

Mass flow controllers 196 and 197 are respectively disposed in 
the air branch paths 194 and 195 branching off from the air supply 
conduit 39 to regulate the flow rates of the air supplied to the reaction 
units 191 and 192. These mass flow controllers 196 and 197 are 
connected to the control unit 50, which regulates the flow rates of the 
air supplied to the respective reaction units. Temperature sensors 

198 and 199 are provided in the respective upper stream portions of 
the reaction units 191 and 192 to measure the internal temperatures 
of the respective reaction units. These temperature sensors 198 and 

199 are connected to the control unit 50. The observed internal 
temperatures of the respective reaction units are input into the 
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control unit 50. The control unit 50 regulates the flow rates of the 
air supplied to the respective reaction units, based on the results of 
the measurements input from the respective temperature sensors. 

In the reaction units 191 and 192 of the reformer unit 190 of 
5 this embodiment, the amount of heat produced by the oxidation 
reaction proceeding therein compensates the amount of heat required 
for the steam reforming reaction also proceeding therein. In the 
circumferential reaction unit 193, on the other hand, the heat 
required for the steam reforming reaction proceeding therein is 

10 supplied by the heat produced by the oxidation reaction proceeding in 
the adjoining inner reaction units 191 and 192 (see the dotted arrows 
in Fig. 34). In the fuel cells system including the reformer unit 190 
of this embodiment, the control unit 50 controls the driving amounts 
of the mass flow controller 196 and 197, which regulate the flow rates 

15 of the air supplied to the reaction units 191 and 192, based on the 
results of the measurements with the temperature sensors 198 and 
199, and thereby regulates the flow rates of the air to keep the 
internal temperatures of the reaction units 191 and 192 not higher 
than 300°C. 

20 In the reformer unit 190 of the twelfth embodiment thus 

constructed, the heat produced by the oxidation reaction proceeding in 
the reaction units 191 and 192 is also consumed in the adjoining 
reaction unit 193 where only the endothermic reaction proceeds. 
This arrangement effectively prevents an excessive temperature rise 

25 in the upper stream portions of the reaction units 191 and 192 where 
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the oxidation reaction vigorously proceeds. The flow rates of the air 
supplied to the reaction units 191 and 192 are regulated, based on the 
internal temperatures of the respective reaction units. The internal 
temperature of each reaction unit is thus kept to be not higher than 
5 the preset leveL 

In the reformer unit 190 of this embodiment, the air flow is 
separately supplied to the reaction units 191 and 192. This 
arrangement enables the exothermic oxidation reaction to proceed in 
the reaction unit 192, which is located on the downstream side of the 

10 reaction unit 191. . Unlike the prior art reformer unit, there is 
accordingly no significant temperature drop on the lower stream side. 
The whole reaction unit in the reformer unit 190 is thus kept in the 
highly active state of the steam reforming reaction. This enhances 
the rate of the steam reforming reaction. 

15 Fig. 35 is a graph showing the internal temperature 

distributions from the upper stream side that receives the supply of 
the crude fuel gas to the lower stream side with regard to the reformer 
unit 190 described above and a prior art reformer unit including only 
one reaction unit where both the steam reforming reaction and the 

20 oxidation reaction proceed. Unlike the prior art reformer unit, in the 
reformer unit 190, there is no excessive temperature rise on the upper 
stream side with the heat produced by the oxidation reaction. There 
is also no significant temperature drop on the lower stream side. The 
internal temperature of the reformer unit is thus favorably kept in the 

25 temperature range of 250 to 300°C. As described above, in the 
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reformer unit 190 of this embodiment, there is no abrupt temperature 
rise in the vicinity of the inlet. This advantageously prevents the 
potential troubles due to the temperature rise, for example, 
deterioration of the catalyst and formation of by-products. Like the 
5 embodiments discussed above, this arrangement significantly 
improves the durability of the reformer unit. 

In the reformer unit 190 of the twelfth embodiment discussed 
above, the air flow is separately supplied to the inner reaction units 
191 and 192 where both the steam reforming reaction and the 

10 oxidation reaction proceed. This effectively prevents a significant 
temperature drop on the lower stream side. The modified 
arrangement of supplying the air flow only to the upper stream side 
still has some effects of preventing an excessive temperature rise on 
the upper stream side. 

15 The reformer unit 190 of the twelfth embodiment has the dual 

tubular structure including the inner reaction units where both the 
steam reforming reaction and the oxidation reaction proceed and the 
circumferential reaction unit where only the steam reforming reaction 
proceeds. The following describes a stack structure where these two 

20 different reaction units are alternately laid one upon another as one 
modified example of the twelfth embodiment. Fig. 36 schematically 
illustrates the structure of a reformer unit 190A in the modified 
example of the twelfth embodiment. Like the reformer unit 190, the 
reformer unit 190A is included in a fuel cells system having a similar 

25 structure to that of the fuel cells system 20 shown in Fig. 1. In the 
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following description, the constituents identical with those of the 
reformer unit 190 are expressed by the like numerals with a suffix A. 

The reformer unit 190A includes a plurality of flat reaction 
units 191A and 193A, which are alternately laid one upon another. 
These reaction units 19 1A and 193A are composed on the honeycomb 
structures with the Cu-Zn catalyst carried on the surface thereof. 
The supply of the crude fuel gas flown through the second fuel supply 
conduit 64 is fed to each reaction unit. The air supply conduit 39 
branches off to connect with the respective upper stream portions of 
the reaction units 191A and supply the air flow to the respective 
reaction units 19 1A. The flow rate of the air supplied to the plurality 
of reaction units 191A is regulated by a mass flow controller 196A 
disposed in the air supply conduit 39. In the same manner as 
discussed in the twelfth embodiment, the regulation is based on the 
results of the measurements with temperature sensors (not shown) 
located in the upper stream portions of the respective reaction units 
191A. 

In the reformer unit 190A of the modified example of the 
twelfth embodiment thus constructed, like the reformer unit 190 of 
the twelfth embodiment, the heat evolved through the oxidation 
reaction is consumed by the steam reforming reaction proceeding in 
the adjoining reaction unit. This arrangement effectively prevents 
an excessive temperature rise on the upstream side where the 
oxidation reaction vigorously proceeds. Like the reformer unit 190, 
this prevents the potential troubles, for example, deterioration of the 
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catalyst and formation of by-products, and significantly improves the 
durability of the reformer unit. 

The following describes a reformer unit 190B having a 
multi-tubular structure as a second modified example of the twelfth 
5 embodiment. Fig. 37 is a sectional view schematically illustrating 
the structure of the reformer unit 190B in the second modified 
example of the twelfth embodiment. Fig. 37(A) is a vertical sectional 
view of the reformer unit 190B, and Fig. 37(B) is a cross sectional view 
taken on the line B-B in Fig. 37(A). Like the reformer unit 190, the 

10 reformer unit 190B is included in a fuel cells system having a similar 
structure to that of the fuel cells system 20 shown in Fig. 1. In the 
following description, the constituents identical with those of the 
reformer unit 190 are expressed by the like numerals with a suffix B. 

The reformer unit 190B is formed in a substantially cylindrical 

15 shape and includes reaction units 191B and a reaction unit 193B, 
Each reaction unit 191B has a substantially cylindrical shape of a 
small diameter in bottom face. Seven reaction units 191B are 
included in the reformer unit 190B. The residual space in the 
reformer unit 190B other than that occupied by the reaction units 

20 191B is occupied by the reaction unit 193B. The reaction units 191B 
and 193B are composed of the honeycomb structures with the Cu _ Zn 
catalyst carried on the surface thereof. The supply of the crude fuel 
gas flown through the second fuel supply conduit 64 is fed to each 
reaction unit. The air supply conduit 39 branches off to connect with 

25 the respective upper stream portions of the reaction units 191B and 
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supply the air flow to the respective reaction units 191B. The flow 
rate of the air supplied to the plurality of reaction units 191B is 
regulated by a mass flow controller 196B disposed in the air supply 
conduit 39. In the same manner as discussed in the twelfth 
embodiment, the regulation is based on the results of the 
measurements with temperature sensors (not shown) located in the 
upper stream portions of the respective reaction units 191B. 

In the reformer unit 190B of the modified example of the 
twelfth embodiment thus constructed, like the reformer unit 190 of 
the twelfth embodiment, the heat evolved through the oxidation 
reaction is consumed by the steam reforming reaction proceeding in 
the adjoining reaction unit. This arrangement effectively prevents 
an excessive temperature rise on the upstream side where the 
oxidation reaction vigorously proceeds. Like the reformer unit 190, 
this prevents the potential troubles, for example, deterioration of the 
catalyst and formation of by-products, and significantly improves the 
durability of the reformer unit. 

In the reformer units 190, 190A, and 190B described above, the 
oxidation reaction proceeds only in the selected reaction units. 
While a fixed amount of heat is required for the steam reforming 
reaction proceeding in the reformer unit, the reduction in area of the 
vigorous oxidation reaction causes the quantity of the catalyst to be 
insufficient relative to the quantity of the oxygen supply. This 
reduces the rate of the oxidation reaction proceeding in the area that 
receives the supply of oxygen. This arrangement extends the area of 
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the vigorous oxidation reaction to the lower stream portion and 
effectively prevents a significant temperature drop in the lower 
stream portion of the reformer unit. 

In the reformer units 190A and 190B of the modified examples 
5 of the twelfth embodiment discussed above, like the reformer unit 190, 
the air flow may be supplied to not only the upper stream area but an 
intermediate area in the reformer unit. This arrangement more 
effectively prevents a significant temperature drop in the lower 
stream portion of the reformer unit. The reformer units 190, 190A, 
10 and 190B have the reaction units of the honeycomb structures. In a 
modified structure, the reformer unit may be filled with pellets with 
the catalyst carried thereon. In this modified structure, the 
arrangement of the reaction unit where both the steam reforming 
reaction and the oxidation reaction proceed adjacent to the reaction 
15 unit where only the steam reforming reaction proceeds effectively 
prevents an excessive temperature rise on the upper stream portion of 
the reaction unit. 

In all the first through the twelfth embodiments discussed 
above, the respective reformer units use the Cu-Zn catalyst. This 
20 single catalyst accelerates both the steam reforming reaction 
expressed by Equation (4) and the oxidation reaction expressed by 
Equation (5). Any catalyst that accelerates both the steam reforming 
reaction and the oxidation reaction (for example, Pd-Zn catalyst) may 
be used instead of the Cu-Zn catalyst. The presence of such a 
25 catalyst in any of the reformer units of the embodiments ensures the 
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similar effect of preventing an excessive temperature rise in a partial 
area of the reformer unit. 

In the above embodiments, the single catalyst is used to 
accelerate both the steam reforming reaction and the oxidation 
reaction. In any of the above embodiments, however, different 
catalysts may be used to respectively accelerate the steam reforming 
reaction and the oxidation reaction. Another catalyst for 
accelerating the oxidation reaction may be used in addition to the 
Cu-Zn catalyst. In the case of using a plurality of different catalysts, 
as long as these catalysts are mixed well in the reformer unit to 
assure the progress of both the oxidation reaction expressed by 
Equation (5) and the steam reforming reaction expressed by Equation 
(4) at a sufficient efficiency in a specific are receiving the supply of 
oxygen, the application of such catalysts in the structures of the 
respective embodiments ensures the similar effect of preventing an 
excessive temperature rise in a partial area of the reformer unit. 
Available examples for the another catalyst to accelerate the 
oxidation reaction include metals, such as palladium, platinum, nickel, 
rhodium, chromium, tungsten, rhenium, gold, silver, and iron, and 
alloys of such metals and other metals. 

In the embodiments discussed above, methanol is used as the 
crude fuel. Another hydrocarbon may alternatively be used as the 
crude fuel that undergoes the steam reforming reaction and the 
oxidation reaction. In the case where the crude fuel other than 
methanol is selected, the reformer unit includes the catalyst suitable 
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for the selected crude fuel in any of the structures of the above 
embodiments. This arrangement also ensures the similar effect of 
preventing an excessive temperature rise in a partial area of the 
reformer unit. 

5 The Cu-Zn catalyst included in any of the reformer units of the 

first through the twelfth embodiments discussed above is a known 
catalyst for accelerating the steam reforming reaction of methanol. 
As described previously, the Cu-Zn catalyst deteriorates at high 
temperatures over 300°C. The CuZn catalyst is accordingly not 

10 usable as the catalyst for accelerating the steam reforming reaction 
when a hydrocarbon having a high reaction temperature of the steam 
reforming reaction is applied for the crude fuel. The Cu-Zn catalyst, 
however, favorably works as the catalyst of accelerating the steam 
reforming reaction when methanol having a lower reaction 

15 temperature of the steam reforming reaction than the other 
hydrocarbons is applied for the crude fuel. The technique of utilizing 
the Cu-Zn catalyst as the oxidation catalyst is generally not known to 
those skilled in the art. The Cu-Zn catalyst is readily oxidized 
(copper is oxidized to deteriorate). In the presence of oxygen, the 

20 Cu-Zn catalyst is immediately oxidized to lose its catalytic activity, 
and is thus not generally applicable for the oxidation catalyst. In the 
case of using the Cu-Zn catalyst in the presence of methanol, however, 
methanol is oxidized prior to copper because of the difference in free 
energy for oxidation. The Cu-Zn catalyst itself is accordingly not 

25 oxidized but effectively functions to accelerate both the steam 
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reforming reaction and the oxidation reaction. 

The use of the single Cu-Zn catalyst accelerates both the steam 
reforming reaction and the oxidation reaction and advantageously 
simplifies the structure of the reformer unit. The use of the Cu-Zn 
5 catalyst for accelerating the oxidation reaction of methanol ensures 
the additional effect of lowering the concentration of carbon monoxide 
included in the hydrogen rich gaseous fuel produced by the reformer 
unit. The following describes carbon monoxide produced in the 
reformer unit. The Cu-Zn catalyst has the activity of slightly 
10 promoting the reaction of Equation (6) shown below in the presence of 
carbon dioxide and hydrogen- 

C0 2 + H2 -» CO + H2O (6) 

When the Cu-Zn catalyst accelerates the steam reforming 
reaction of methanol alone or simultaneously with the oxidation 

15 reaction of methanol, hydrogen and carbon dioxide are produced as 
discussed previously. With an increase in quantities of hydrogen and 
carbon dioxide thus produced, the reaction of Equation (6) slightly 
proceeds to produce carbon monoxide. The gaseous fuel produced by 
the reformer unit accordingly contains a certain amount of carbon 

20 monoxide. 

Using the Cu-Zn catalyst to reform methanol accompanies 
production of a certain amount of carbon monoxide. As discussed in 
the above embodiments, in the case where the Cu-Zn catalyst is used 
to accelerate the oxidation reaction of methanol simultaneously with 
25 the steam reforming reaction, substantially no carbon monoxide is 
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produced through this oxidation reaction. This effectively prevents 
an increase in concentration of carbon monoxide included in the 
gaseous fuel. The oxidation reaction of methanol accelerated in the 
presence of the Cu-Zn catalyst is expressed by Equation (5) given 
5 previously. This reaction mainly consists of the reactions expressed 
by Equations (7) and (8) given below. The reaction of Equation (5) 
thus proceeds as a whole : 

CH 3 OH + (l/2)0 2 HCHO + H 2 0 (7) 
HCHO + H s O C0 2 + 2H 2 (8) 

10 As shown by Equations (7) and (8), the oxidation reaction of 

methanol accelerated in the presence of the Cu~Zn catalyst is mainly 
via a reaction path that does not produce carbon monoxide. The 
oxidation reaction accelerated in the presence of the conventionally 
known oxidation catalyst, for example, the platinum catalyst, on the 

15 other hand, mainly consists of the reactions expressed by Equations 
(9) and (10) given below. The reaction of Equation (5) thus proceeds 
as a whole. In this case, carbon monoxide is produced in the middle 
of the reaction. When the oxidation reaction of methanol is 
accelerated by the conventionally known oxidation catalyst, for 

20 example, the platinum catalyst, part of carbon monoxide thus 
produced remains in the resulting gaseous fuel produced in the 
reformer unit. This raises the concentration of carbon monoxide 
included in the gaseous fuel. 

CH3OH CO + 2H 2 (9) 

25 CO + (l/2)0 2 -> C0 2 (10) 
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When the Cu-Zn catalyst is used to accelerate both the steam 
reforming reaction and the oxidation reaction of methanol as 
discussed in the above embodiments, the oxidation reaction is via the 
reaction path that does not produce carbon monoxide. Compared 
5 with the prior art technique that uses a known oxidation catalyst, 
such as platinum, to accelerate the oxidation reaction of methanol and 
the Cu-Zn catalyst to accelerate the steam reforming reaction, this 
technique significantly lowers the concentration of carbon monoxide 
included in the resulting gaseous fuel. In the prior art technique 

10 that utilizes both the Cu~Zn catalyst and a known oxidation catalyst 
like platinum to respectively accelerate the steam reforming reaction 
of methanol and the oxidation reaction of methanol, carbon monoxide 
of not lower than 1.5 to 2% generally remains in the resulting gaseous 
fuel. In the technique of the present invention that utilizes only the 

15 Cu-Zn catalyst to accelerate both the steam reforming reaction and 
the oxidation reaction of methanol, on the other hand, the 
concentration of carbon monoxide remaining in the resulting gaseous 
fuel is as low as 0.5%. 

Carbon monoxide remaining in the gaseous fuel supplied to the 

20 fuel cells is adsorbed by the platinum-containing catalytic layer 
formed on the electrolyte membrane to interfere with the progress of 
the electrochemical reactions. In the fuel cells systems of the 
embodiments discussed above, the CO reduction unit is arranged after 
the reformer unit to reduce the concentration of carbon monoxide 

25 included in the gaseous fuel supplied to the fuel cells. The 
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application of the CirZn catalyst to accelerate both the oxidation 
reaction and the steam reforming reaction of methanol and produce 
the gaseous fuel having a low concentration of carbon monoxide in the 
reformer unit advantageously reduces the load required for the CO 
5 reduction unit (that is, the amount of carbon monoxide to be oxidized 
in the CO reduction unit). This arrangement enables the gaseous 
fuel having a sufficiently low concentration of carbon monoxide to be 
supplied to the fuel cells even with the small-sized CO reduction unit. 
The CO reduction unit may be even omitted in the case where the 

10 gaseous fuel produced in the reformer unit has a sufficiently low 
concentration of carbon monoxide. The arrangement of using the 
Cu~Zn catalyst for accelerating both the steam reforming reaction and 
the oxidation reaction of methanol lowers the concentration of carbon 
monoxide included in the gaseous fuel produced in the reformer unit 

15 and thereby ensures the size reduction of the whole fuel cells system 
including this reformer unit. 

The Cu-Zn catalyst used in the above embodiments is prepared 
from copper oxide (CuO) and zinc oxide (ZnO). Another substance 
may be added in the process of coprecipitating these materials. For 

20 example, 2 to 5% of alumina may be added in the process of 
coprecipitating copper oxide and zinc oxide to prepare the Cu-Zn 
catalyst. This composition enhances the heat resistance of the Cu-Zn 
catalyst and improves the dispersion of copper and zinc oxide of the 
catalyst. 

25 In the above description, the Cu-Zn catalyst, which is prepared 
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from copper oxide and zinc oxide, is used as the catalyst for 
accelerating both the steam reforming reaction and the oxidation 
reaction of methanol. A diversity of copper-containing catalysts 
other than the Cu-Zn catalyst may alternatively be used to accelerate 
5 the steam reforming reaction and the oxidation reaction of methanol 
and produce a gaseous fuel having a low concentration of carbon 
monoxide. For example, the catalyst for accelerating both the 
reactions may be obtained from a combination of copper oxide and 
chromium oxide (Cr20s) ? a combination of a copper oxide and silicon 

10 oxide (Si02), or a combination of copper oxide and an oxide of another 
metal. Such copper-containing catalysts may be manufactured by 
any methods suitable for the materials, for example, the impregnation 
method, the kneading, method, and the ion exchange method, as well 
as the coprecipitation method described previously. 

15 The present invention is not restricted to the above 

embodiments or their modifications, but there may be many other 
modifications, changes, and alterations without departing from the 
scope or spirit of the main characteristics of the present invention. 

20 Industrial Applicability 

As described above, the fuel reformer device of the present 
invention is applied in fields of manufacture and sale of fuel cells as 
well as in fields of manufacture and sale of electric vehicles with such 
fuel cells mounted thereon. 
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WHAT IS CLAIMED IS: 

1. (Amended) A fuel reformer device in which a steam 
reforming reaction, which is endothermic and produces hydrogen from 
5 a crude fuel and steam, and an oxidation reaction, which is 
exothermic and oxidizes the crude fuel, proceed and heat generated by 
the oxidation reaction is utilized for a progress of the steam reforming 
reaction, said fuel reformer device comprising^ 

a catalytic section that includes a catalyst for accelerating the 
10 steam reforming reaction and the oxidation reaction; 

a crude fuel gas supply unit that flows a supply of a crude fuel 
gas containing the crude fuel, steam, and oxygen into said catalytic 
section; 

a gaseous fuel output unit that causes a hydrogen rich gaseous 
15 fuel, which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in said catalytic section, to be output 
from said catalytic section; and 

a gas flow velocity regulation unit that regulates a flow 
velocity of the crude fuel gas to be higher in an area on a side 
20 receiving the supply of the crude fuel gas than in an area on a side 
outputting the gaseous fuel in said catalytic section, so as to enable 
the heat generated by the oxidation reaction proceeding in the area on 
the side receiving the supply of the crude fuel gas to be sufficiently 
transmitted to the area on the side outputting the gaseous fuel. 

25 
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2. A fuel reformer device in accordance with claim 1, wherein 
said gas flow velocity regulation unit makes a total sectional area of a 
flow path, through which the crude fuel gas flows, smaller on the side 
receiving the supply of the crude fuel gas than on the side outputting 

5 the gaseous fuel in said catalytic section. 

3. (Delete) 

4. (Delete) 

10 

5. (Delete) 

6. (Delete) 
15 7. (Delete) 

8. (Delete) 

9. (Delete) 

20 

10. (Delete) 
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11. (Amended) A fuel reformer device in which a steam 
reforming reaction, which is endothermic and produces hydrogen from 
a crude fuel and steam, and an oxidation reaction, which is 



76 



exothermic and oxidizes the crude fuel, proceed and heat generated by 
the oxidation reaction is utilized for a progress of the steam reforming 
reaction, said fuel reformer device comprising: 

a catalytic section that includes a catalyst for accelerating the 
steam reforming reaction and the oxidation reaction; 

a crude fuel gas supply unit that flows a supply of a crude fuel 
gas containing the crude fuel, steam, and oxygen into said catalytic 
section; 

a gaseous fuel output unit that causes a hydrogen rich gaseous 
fuel, which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in said catalytic section, to be output 
from said catalytic section; and 

a gas flow direction inversion unit that changes a site receiving 
the supply of the crude fuel gas by means of said crude fuel gas supply 
unit and a site outputting the gaseous fuel by means of said gaseous 
fuel output unit with each other in said catalytic section, so as to 
invert a gas flow in said catalytic section. 

12. A fuel reformer device in accordance with claim 11, wherein 
said catalytic section comprises an end temperature measurement 
unit that measures a temperature at a preset position in the site 
receiving the supply of the crude fuel gas by means of said crude fuel 
gas supply unit in said catalytic section, and 

said gas flow direction inversion unit changes the site 
receiving the supply of the crude fuel gas by means of said crude fuel 
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gas supply unit and the site outputting the gaseous fuel by means of 
said gaseous fuel output unit with each other, based on the observed 
temperature by said end temperature measurement unit. 

13. (Amended) A fuel reformer device in which a steam 
reforming reaction, which is endothermic and produces hydrogen from 
a crude fuel and steam, and an oxidation reaction, which is 
exothermic and oxidizes the crude fuel, proceed and heat generated by 
the oxidation reaction is utilized for a progress of the steam reforming 
reaction, said fuel reformer device comprising: 

a catalytic section which particles with a catalyst for 
accelerating the steam reforming reaction and the oxidation reaction 
are sealed in,* 

a crude fuel gas supply unit that flows a supply of a crude fuel 
gas containing the crude fuel, steam, and oxygen into said catalytic 
sectionj 

a gaseous fuel output unit that causes a hydrogen rich gaseous 
fuel, which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in said catalytic section, to be output 
from said catalytic section," and 

a catalyst stirrer unit that stirs the particles with the catalyst 
in said catalytic section. 

14. (Amended) A fuel reformer device in accordance with claim 
13, wherein said catalyst stirrer unit is disposed in said crude fuel gas 
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supply unit and injects a gas containing at least one of the crude fuel, 
steam, and oxygen into said catalytic section, so as to stir the 
particles with the catalyst in said catalytic section. 

5 15. (Delete) 

16. (Delete) 

g 17. (Delete) 

f l 10 

18. (Amended) A fuel reformer device in which a steam 
'~ reforming reaction, which is endothermic and produces hydrogen from 
a crude fuel and steam, and an oxidation reaction, which is 
fft exothermic and oxidizes the crude fuel, proceed and heat generated by 
M.15 the oxidation reaction is utilized for a progress of the steam reforming 
reaction, said fuel reformer device comprising* 

a catalytic section that includes a catalyst for accelerating the 
steam reforming reaction and the oxidation reaction; 

a crude fuel gas supply unit that flows a supply of a crude fuel 
20 gas containing the crude fuel and steam into said catalytic section; 

an oxidizing gas supply unit that flows a supply of an oxidizing 
gas containing oxygen into said catalytic section; 

a gaseous fuel output unit that causes a hydrogen rich gaseous 
fuel, which is produced through the steam reforming reaction and the 
25 oxidation reaction proceeding in said catalytic section, to be output 
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from said catalytic section; and 

a heat homogenization unit that makes a feeding side receiving 
the supply of the crude fuel gas and the supply of the oxidizing gas 
adjoin to an output side outputting the gaseous fuel in said catalytic 
5 section, so as to enable heat exchange between the feeding side and 
the output side, 

wherein said catalytic section comprises a turning area in a 
flow conduit of the crude fuel gas formed inside thereof, and an inlet 
and an outlet of said flow conduit are arranged to be adjacent to each 
10 other. 

19. (Delete) 

20. (Amended) A fuel reformer device in which a steam 
15 reforming reaction, which is endothermic and produces hydrogen from 

a crude fuel and steam, and an oxidation reaction, which is 
exothermic and oxidizes the crude fuel, proceed and heat generated by 
the oxidation reaction is utilized for a progress of the steam reforming 
reaction, said fuel reformer device comprising* 

20 a catalytic section that includes a catalyst for accelerating the 

steam reforming reaction and the oxidation reaction; 

a crude fuel gas supply unit that flows a supply of a crude fuel 
gas containing the crude fuel and steam into said catalytic section; 

an oxidizing gas supply unit that flows a supply of an oxidizing 

25 gas containing oxygen into said catalytic section; 
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a gaseous fuel output unit that causes a hydrogen rich gaseous 
fuel, which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in said catalytic section, to be output 
from said catalytic section; and 
5 a heating unit that heats a part other than an area on a side 

receiving the supply of the oxidizing gas by means of a hot gas 
discharged from a predetermined member, which is a constituent of a 
system including said fuel reformer device. 

10 21. (Amended) A fuel reformer device in which a steam 

reforming reaction, which is endothermic and produces hydrogen from 
a crude fuel and steam, and an oxidation reaction, which is 
exothermic and oxidizes the crude fuel, proceed and heat generated by 
the oxidation reaction is utilized for a progress of the steam reforming 

15 reaction, said fuel reformer device comprising' 

a catalytic section that includes a catalyst for accelerating the 
steam reforming reaction and the oxidation reaction; 

a crude fuel gas supply unit that flows a supply of a crude fuel 
gas containing the crude fuel and steam into said catalytic section; 

20 an oxidizing gas supply unit that flows a supply of an oxidizing 

gas containing oxygen into said catalytic section; 

a gaseous fuel output unit that causes a hydrogen rich gaseous 
fuel, which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in said catalytic section, to be output 

25 from said catalytic section; and 
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an end cooling unit that sprays a liquid containing at least one 
of the crude fuel and water into an area on a side receiving the supply 
of the crude fuel gas and the supply of the oxidizing gas. 

22. (Amended) A fuel reformer device in accordance with any 
one of claims 11 through 14, 18, 20, and 21, wherein the crude fuel is 
methanol, and 

the catalyst for accelerating the steam reforming reaction and 
the oxidation reaction is a single copper-containing catalyst. 

23. (Amended) A fuel reformer device in which a steam 
reforming reaction, which is endothermic and produces hydrogen from 
a crude fuel and steam, and an oxidation reaction, which is 
exothermic and oxidizes the crude fuel, proceed and heat generated by 
the oxidation reaction is utilized for a progress of the steam reforming 
reaction, said fuel reformer device comprising: 

a catalytic section that comprises a first reaction unit 
including a catalyst for accelerating the steam reforming reaction and 
the oxidation reaction and a second reaction unit including a catalyst 
for accelerating the steam reforming reaction; 

a crude fuel gas supply unit that flows a supply of a crude fuel 
gas containing the crude fuel and steam into said catalytic section; 

an oxidizing gas supply unit that flows a supply of an oxidizing 
gas containing oxygen into said first reaction unit; and 

a gaseous fuel output unit that causes a hydrogen rich gaseous 
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fuel, which is produced through the steam reforming reaction and the 
oxidation reaction proceeding in said catalytic section, to be output 
from said catalytic section, 

wherein said first reaction unit and said second reaction unit 
5 are arranged to be adjacent to each other in said catalytic section such 
that there is an overlapped area at least seen from a direction 
perpendicular to the flow of the gaseous fuel, and heat exchange is 
performed between said first reaction unit and said second reaction 
unit. 

10 

24. (Amended) A fuel reformer device in accordance with claim 
23, wherein the crude fuel is methanol, and 

the catalyst included in said first reaction unit is a single 
copper-containing catalyst. 

15 

25. (Delete) 



26. (Delete) 
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ABSTRACT OF THE DISCLOSURE 

The present invention is directed to a fuel reformer device that 
produces a hydrogen rich gas from a hydrocarbon and steam. The 
5 steam reforming reaction that produces the hydrogen rich gas from 
the hydrocarbon and steam is endothermic. A known technique 
supplies heat required for the steam reforming reaction by an 
exothermic oxidation reaction proceeding in parallel with the steam 
reforming reaction. This known technique may, however, cause an 

10 excessive temperature rise in an area of the vigorous oxidation 
reaction in the fuel reformer device. 

A reformer unit 34 including a Cu-Zn catalyst receives a supply 
of a crude fuel gas containing the air flown through a second fuel 
supply conduit 64. The crude fuel gas is subjected to the steam 

15 reforming reaction and the oxidation reaction proceeding inside the 
reformer unit 34. A resulting hydrogen rich gaseous fuel is 
discharged to a third fuel supply conduit 65. The reformer unit 34 
includes an upper stream reaction unit 80 and a lower stream reaction 
unit 81. Both the reaction units 80 and 81 have honeycomb 

20 structures, wherein the total sectional area of the flow path in the 
upper stream reaction unit 80 is made smaller than the total sectional 
area of the flow path in the lower stream reaction unit 81. This 
arrangement causes the gas flowing through the reformer unit 34 to 
have the higher flow velocity on the upstream side than on the 

25 downstream side. The higher flow velocity on the upstream side 
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extends the area of the vigorous oxidation reaction to the lower 
stream portion and enables the heat generated on the upstream side 
to be effectively transmitted to the lower stream portion. This 
arrangement thus effectively prevents an excessive temperature rise 
on the upstream side. 



PCT/SB/106 (8-96) 
Approved for use through 9/30/98 OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to collection of information unless it displays a valid OMB control number. 



Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

! believe I am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled 



Fuel Refor mer Device 



■5 ±iSfP J H<£>ef?&ra <^^<DW?X>W&'3\*X\*fc^%k'&\^ 2^ the specification of which is attached hereto unless the following 
1*^^> box is checked: 



H3 Kititfi^t-L Kmmmmn&Mmvimfem 



was filed on July 2, 1999 
as United States Application Number or 
PCT International Application Number 
PCT/JP99/03603 and was amended on 
(if applicable). 



&fc£, mm : mMmm^^±.mtTJE^mm9 £&f* U WIS I hereby state that I have reviewed and understand the contents 
^:WMLX^^>Ct^:Z.Z.\Z^ML^'fo of the above identified specification, including the claims, as 

amended by any amendment referred to above. 



y , mm&^Miz^xnmmm&mmr%mm&&& z. 



I acknowledge the duty to disclose information which is materia! 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 



Page 1 of 4 



Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any 
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark 
Office. Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and 
Trademarks. Washinertorh DC 20231 . 



PCT/SB/106 (8-96) 
Approved for use through 9/30/98 0MB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 

(B*iiff) 



j&fcfc. %mm$kM3 5ifl 1 9^ (a) - (d)^X&3 6 5 



Prior Foreign App)ication(s) 
10-21Q354(P) 

(Number) 
(#^) 



(Number) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also identified 
below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a 
filing date before that of the application on which priority is 
claimed. 

Priority Not Claimed 



Japan 



08/July/1998 



(Country) 
(SI*) 



(Day/Month/Year Filed) 



□ 



□ 



(Country) 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No ) 
(fctiiSI#^> 



(Filing Date) 
(tUIB) 



(Application No.) 



(Filing Date) 
(HJBB) 



m\zmr%mmfcmmzz}^Tm^mm^ 



1 1 2&mimx& 
vmm^izx^n 



(Application No.) 



(Filing Date) 



(Application No.) (Filing Date) 

mz, ^^(Dmm\zm^x^M^9^mm^z>mm^ 

MUX & 0 , ft-olk&A^ Lfctitfg tfkcoimU&tZ^ (CfcK 

^^^Rt/^n^iHi^ofT^^ii^mi sail 0 0 1 
&zt, ^vx^<D^vf£$imz£&m^(nj%m%ftu%-^ m 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application^), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, Section 112, 1 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of 
the prior application and the national or PCT International filing 
date of application: 

(Status: Patented, Pending, Abandoned) 

mu : mm^im, mm*, mm) 

(Status: Patented, Pending, Abandoned) 

mu : wtTfF risk im*. tmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 2 of 4 



PCT/SB/106 (8-96) 
Approved for use through 9/30/98 OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 

* 

miit : fklt, Tffi^H^f t LT, *ffiS{Cg|t"§— BJ©^ POWER OF ATTORNEY: As a named inventor, ! hereby appoint the 
i^#£*Wff filffiJlH-fcf bTj&ff t§^I±^fc^ftlA^ L following attorney(s) and/or agent(s) to prosecute this application 
T, Tia<7)#^lt*VifcLSTo <#S±, £fc&ftgA<Z)ft6 and transact all business in the Patent and Trademark Office 
2&£X3y^#T3 £r$J§E0) ^ £■) connected therewith, (list name and registration number) 

s~ James A, Oliff; Registration No. 27,075 

f ~X William P. Berridge; Registration No. 30,024 
I " \ ) Kirk M> Hudson; Registration No. 27,562 

' Thomas J. Pardini; Registration NaJ3S3J_L 

Edward P. Walker; Registration No. 31.450 
Robert A. Miller; Registration No. 32,771 
Mario A. Costantino; Registration No. 33,565 






Ssnd Correspondence to: j 
j OLIFF & BERRIDGE, PLC ! 
/ P.O. BOX 19928 I 

J ALEXANDRIA, VIRGINIA 22320 \ 






Direct Telephone Calls to: (name and telephone number) 
James A. Oliff 
(703) 836-6400 




.\7S 

A - \j w 


Full name of sole or first inventor 
Masayoshi Taki 







Inventor's signature Date 

JM^u December 22, 2000 






Residence' ( ^-~~ 
Konan-shi,\Aichi-ken, Japan ^3 yX. 






Citizenship " 
Japan 






Post Office Address 

c/o TOYOTA JIDOSHA KABUSHIKI KAISHA, 1 , Toyota-cho, 
Toyota-shi, Aichi-ken, 471-8571 Japan 








Full name of second joint inventor, if any 
Seiji Mizuno 






Second inventor' ssjgnajure Date 

*>*z: ******* 22 - 2000 






Residejjfc'e ^ & ^ 

Toyota-shi,\^ichi-ken T Japan ^ \ ¥ ^ 


an 




Citizenship 
Japan 






Post Office Address 

c/o TOYOTA JIDOSHA KABUSHIKI KAISHA, 1 , Toyota-cho, 
Toyota-shi, Aichi-ken, 471-8571 Japan 








(Supply similar information and signature for third and subsequent 
joint inventors.) 


Page 3 of 4 



PCT/SB/106 (8-96) 
Approved for use through 9/30/98 OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 




nm (Rats 








Full name of third joint inventor, if any 
Toshiaki Ozaki 












Third inventor's signature Date 
JkhUilL ftuJjL December 22, 2000 












Residence $ 

Toyota-shi, \Aichi-ken, Japan ^ \ fX 


a * Citizenship"—^ 

Japan 












Post Office Address 

c/o TOYOTA JIDOSHA KABUSHIKI KAISHA, 1 , Toyota-cho, 
Toyota-shi, Aichi-ken, 471-8571 Japan 














Full name of fourth joint inventor, if any 
— Iatsuya Kawahara 












Fourth inventor's signature Date 
TV // 0 December 22, 2000 












Residence 

Toyota-shi, \^ichi-ken, Japan \iY^ 


dp* 










Citizenship" — 3 
Japan 












Post Office Address 

c/o TOYOTA JIDOSHA KABUSHIKI KAISHA, 1 , Toyota-cho, 
Toyota-shi, Aichi-ken, 471-8571 Japan 














Full name of fifth joint inventor, if any 

J<atsuhiko Kinoshita^ T»TRnhm- 77 9000 








B# 




Fifth inventor's signature y Date. ^ 












Residence 

Nissin-shiNAichH^en. Japan v \ Q X s 


Citizenship^^ 1 
Japan 












Post Office Address 

c/o TOYOTA JIDOSHA KABUSHIKI KAISHA, 1 , Toyota-cho, 
Toyota-shi, Aichi-ken, 471-857T Japan 










V ^_ 


Full name of sixth joint inventor, if any 
Yoshimasa Negishi 












Sixth inventor's signature Date 
y&AciwuK ^^JU December 22 r 2000 












Residence 

Nishikamo-gun\Aichi-ken, Japan ^ Y X 


Citizenship "~ 
Japan 












Post Office Address 

c/o TOYOTA JIDOSHA KABUSHIKI KAISHA, 1 , Toyota-cho, 
Toyota-shi, Aichi-ken, 471-8571 Japan 










(Supply similar information and signature for seventh and 
subsequent joint inventors.) 



Page 4 of 4 



